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Active rehabilitation is an exercise-based program designed to improve the level of function of people with motor disabilities. The effectiveness of such programs is strongly influenced by the correctness of the exercise execution. An exercise done incorrectly could even lead to a worsening of the health status. For this reason, specialists are required to guide the patient during the execution of an exercise. The drastic reduction of the costs of motion tracking systems has paved the way to the implementation of virtual assistant software able to automatically assess the correctness of an exercise. In this paper 2Vita-B Physical is presented, a rehabilitation software system properly designed to support both 1) the patients, by guiding them in the correct execution of an exercise; and 2) the physiotherapists, by allowing them to remotely check the progress of a patient. The motion capturing in 2Vita-B is performed by using the recently released Microsoft Kinect Azure DK. Thus, the system is easy to use and completely non-invasive. Besides the hardware and software requirements of the system, the results of a preliminary usability evaluation of the system conducted with 29 users is also reported. The results achieved are promising and provide evidence of the high usability of 2Vita-B Physical as home rehabilitation system.
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1 INTRODUCTION
Physical rehabilitation represents the third pillar of the health care system, next to prevention and treatment. The goal of physical rehabilitation is—in general—the full recovery of people with temporary motor impairments. In the case of permanent disorder, physical rehabilitation aims to mitigate the suffering to offer patients a better level of independence.
Over the years, the computer science research community devoted a lot of effort to physical rehabilitation, with a particular focus on home-based rehabilitation. Home rehabilitation allows the patient to undergo treatment without the need to reach a specialized facility on a daily or weekly basis. Also, to minimize the inconvenience and cost of commuting, with home rehabilitation, the patient is allowed to perform rehabilitation activities in comfortable conditions offered by their own home. All this contributes on the one hand to improve the quality of treatment and speed up recovery (Maclean et al., 2002) and on the other hand, reduces hospitalizations and consequently, the costs of the health care system (Han et al., 2005).
Technology in the field of rehabilitation has developed dramatically in recent years (Han et al., 2005). Sensors in healthcare are becoming more and more widespread and their ability to detect even the smallest movements is making them increasingly attractive for the development of innovative solutions. Indeed, these sensors are not only able to measure and monitor vital parameters on a large scale, but also to identify abnormal situations that may represent potential problems (Fern’ndez-Baena et al., 2012). Motion tracking solutions in the field of rehabilitation can provide objective feedback on how a patient’s body is positioned in space. However, motion tracking is traditionally performed through a photogrammetric system (referred to as MoCap), i.e., a system of multiple cameras, which are also emitters of light (which can be red, infrared, or near-infrared), and markers (small spheres) of reflective material (Chang et al., 2013). Such systems, although very reliable, are somewhat expensive, require specific configuration and placement of 3D markers. All these constraints make MoCaps impractical for everyday clinical use (Lange et al., 2011).
The commercialization of the Microsoft Kinect has given a boost to research in this field. The Kinect has a low cost, is portable and allows natural interaction with the patient. Also, scientific studies have shown that the Kinect has adequate accuracy for clinical application (Maclean et al., 2002; Da Gama et al., 2019). This has prompted researchers to design rehabilitation systems that are more accessible to clinical settings and, more importantly, to patients’ home.
This paper describes the 2Vita-B Physical project that, following the aforementioned line of research, aims at implementing a virtual assistant able to provide indications on the correctness and effectiveness of the activity carried out by the patient in the absence of the therapist. The correctness of activity is evaluated through a comparison of the movement performed by the patient with an “ideal” (i.e., correct) movement performed by a physiotherapist. The effectiveness of the rehabilitation activity carried out, instead, is estimated through the analysis of heart rate during the performance and indices of stress properly defined. The system has been designed to be minimally invasive. For this reason, motion tracking is performed by using the Microsoft Azure Kinect, while a wearable device is exploited for the acquisition of vital parameters.
The system also promotes patient motivation by including elements of gamification in the activities. The evaluations obtained by a patient during the execution of a rehabilitation exercise are compared with the results obtained by other patients to create a constructive competition between the patients during their daily (and often boring) rehabilitation activities.
It is worth noting that 2Vita-B Physical is not intended to replace the therapist. Every decision regarding the therapy is always confirmed by the therapist. For this reason, 2Vita-B Physical provides to the therapist both the objective evaluation and the recording of the patient’s performance to allow the latter to corroborate or refute the decision of the system.
A preliminary evaluation of 2Vita-B Physical through a usability study is also performed. The study was conducted with 29 participants who were requested to conduct five rehabilitation exercises. In the end, they were asked to fill in a questionnaire. With the data collected, we followed state-of-art guidelines to provide a final grade of usability for the system, according to responses received. The results showed an overall appreciation of the system.
The rest of the paper is structured as follows. Section 2 describes in the 2Vita-B Physical system, with particular focus on the Rehab Station. Section 3 provides the details on the study conducted to assess the usability of the system. Finally, Section 7 concludes the paper.
2 2 VITA-B PHYSICAL OVERVIEW
This section provides an overview of the 2Vita-B Physical system reporting in detail all the end-user functionalities and the whole architecture of the system. Finally, a detailed description of the main component, i.e., the rehabilitation station, is reported.
2.1 End-User Functionalities
Figure 1 summarises through a UML use case diagram the actors and the main functionalities of the 2Vita-B Physical system:
• User: the abstract actor that represents a generic user of the system with appropriate credentials for access to system functionality. She can access the system and manage their account.
• Administrator: the person responsible for the administrative management of the 2Vita-B Physical system. She deals with the management of 2Vita-B system users, manages the archive of rehabilitative exercises and initiates the process of enrollment of patients.
• Patient: the person undergoing rehabilitation treatment. She can access their rehabilitation plan to assess their progress and perform a specific rehabilitation exercise.
• Rehabilitation Team Member: abstract user representing a generic unit of personnel (e.g., physiatrist) which is part of the rehabilitation team. She has the possibility of viewing the individual rehabilitation project of a specific patient.
• Physiatrist: physician specialized in physical and rehabilitative medicine, with the knowledge necessary for the prescription and correct rehabilitative therapy. She has the task of defining the individual rehabilitation project, updating the project through appropriate follow-ups and concluding the individual rehabilitation project of the patient.
• Psychologist: a health professional who carries out prevention, diagnosis, intervention, health promotion, habilitation-rehabilitation, support and counselling in the psychological field. She has the task of entering periodic reports on the analysis of the level of awareness of the patient concerning his health problem and behavioural strategies (coping) that is being implemented.
• Physiotherapist: a health professional who develops and implements interventions aimed at prevention, treatment, care and rehabilitation of diseases or dysfunctions in the areas of motor, upper cortical and visceral functions. She has the task of defining the rehabilitation plan, to evaluate the rehabilitation exercises performed by a specific patient and to define the ideal (i.e., correct) movement for a specific rehabilitation exercise.
[image: Figure 1]FIGURE 1 | 2Vita-B Physical: End-users functionalities.
The rehabilitation process of a patient in the 2Vita-B Physical system starts with the enrollment of the patient. Especially, the system allows the Administrator to enter the personal data of the new patient. Subsequently, the Physiatrist defines the individual rehabilitation program of the patient specifying the name of the program, the date of assignment, the patient’s medical history, the diagnosis, the comorbidity (optional), the type of operation undergone by the patient (optional), the summary and the objectives of the rehabilitation program and the timing of the program. The system allows the Physiatrist to enter the patient’s functional evaluation according to a specific evaluation standard (e.g., International Classification of Functioning, Disability and Health) by specifying the evaluation standard, the category, the attribute and the corresponding evaluation. Furthermore, the system allows the Physiatrist to store information 1) on the drugs taken by the patient (name of the drug taken, start and end date of intake and dose); 2) on the patient’s health status (blood pressure, frequency and heart rhythm, respiratory rate and arterial saturation). Finally, the system allows the Physiatrist to define the rehabilitation team composed, in addition to the physiatrist, of a psychologist and one or more physiotherapists. Once completed the enrollment of the patient by the Physiatrist, the system allows the Physiotherapist to define the motor rehabilitation plan of a patient by defining the plan of the exercises to be performed (execution sequence, date and scheduled duration).
Through a rehabilitation station, the system allows the Patient to carry out a rehabilitation exercise provided by her motor rehabilitation plan and to automatically acquire and evaluate her movements during the execution of a specific exercise. The system also allows the Patient, immediately after performing a rehabilitation exercise, to evaluate her performance, specifying the evaluation (on a scale of 1–5) and any comments on the execution.
Besides the subjective evaluation of the performance given by the patient, the system allows to store other two evaluations:
• an objective evaluation given by the Physiotherapist. Especially, the system allows the Physiotherapist to access the recording of the exercise executions and provide an evaluation (on a scale of 1–5) and any comments on the execution;
• an objective evaluation automatically provided by the 2Vita-B Physical system. Such an evaluation is automatically derived by comparing the patient’s movements with the “ideal” movements.
All these evaluations are particularly useful for the Physiatrist during the rehabilitation program. The subjective evaluation provides insights into the feeling of the patient, while the objective evaluation is useful to assess the correctness of the exercise execution, in particular, and on the effectiveness of the motor rehabilitation plan, in general. As for the objective evaluation, the evaluation of the Physiotherapist is useful to confirm the automatic evaluation and helps to improve the evaluation of the system by exploiting a continuous machine learning strategy.
2.2 Architecture of the System
In this section, the logical and physical architecture of the 2Vita-B Physical system is described at a high level. The architecture is organized according to the three-tier schema (see Figure 2):
• Presentation Layer: contains the graphical interfaces and therefore manages the interaction with the system user. The user interacts with the 2Vita-B Physical system, and in particular with the Presentation Layer, through one of the two possible clients of the system:
• Management Client: this client accesses the software components belonging to the Presentation Layer executable on a web browser both from desktop and mobile devices. Through these components it is possible to perform operations related to the management of users and individual rehabilitation plans in 2Vita-B Physical;
• Rehab Client: this client—through a dedicated Unity application—allows to perform both the operations of acquisition of an ideal movement and the real operations of rehabilitation (e.g., execution of an exercise). To monitor a rehabilitation exercise, the Rehab Client makes use of two dedicated devices, namely the Microsoft Azure Kinect DK,1 for motion analysis, and a heart rate monitor, for acquiring the heart rate to estimate the stress during the execution of an exercise. The Microsoft Azure Kinect DK is an input device capable of capturing body movement. One of the main advantages provided by the Kinect is the quality of the acquisition results obtained considering the use of a single hardware component that is easy to install. According to the specifications provided by Microsoft, the newly released Kinect presents several new features, including a depth sensor and an RGB camera with resolutions respectively of 1 and 12 MP, an array of seven microphones, two IMU sensors (specifically an accelerometer and a gyroscope) and an external sync connection (to enabling accurate synchronization of multiple Kinect devices). As for the heart rate monitoring, in the context of the 2Vita-B Physical project, the Polar 0H12 device was chosen. This device consists of a comfortable and stable band that is placed on the forearm, is waterproof and has a declared autonomy of 12 h. The real-time detection of heart rate is possible thanks to the optical reading system with 6 LEDs proprietary to Polar.
• Application Layer: it is responsible for the application logic (or business logic) of the system. The application layer has a dedicated module, i.e., AI Module, for the automatic evaluation of the correctness of an exercise.
• Storage Layer: it is responsible for the persistence (storage) of the data inside the system. For security reasons the storage is divided into three sub-archives: archive DB, containing all the personal data of users; rehab DB, containing the health data of patients; monitoring DB, containing the movements and vital parameters acquired during the execution of an exercise.
[image: Figure 2]FIGURE 2 | Three-tier architecture in the 2Vita-B Physical system.
Using a three-tier schema has several advantages, including the ability to more effectively and efficiently manage data validations on both the Presentation Layer and Application Layer sides, greater scalability, and less coupling of components.
Regarding the physical architecture of the 2Vita-B Physical system, the system is based on a microservice architecture. Figure 3 shows the deployment diagram of the 2Vita-B Physical system. The main communication mechanisms are reported below:
• Communication between the web browser, front-end and back-end management. The user’s browser requests, using the HTTPS protocol, the front-end of the 2Vita-B Physical system. Once the front-end is loaded, it is possible to perform all the operations offered by the interface. According to the user’s actions, REST requests will be forwarded to the backend API-gateway which will check the authentication and authorization and will forward them, if successful, to the interested microservices. The gateway can route the requests since it obtains the list of registered microservices from the discovery-service.
• Communication between the external device, Rehab front-end and back-end. The external devices foreseen in 2Vita-B Physical are the Azure Kinect DK and a heart rate monitor that will be connected to the Rehab front-end (developed in Unity) through, respectively, the USB and BLE (Bluetooth Low Energy) interfaces. Especially, the Rehab front-end will detect the data sent by the sensors, process it and, when required, send it, similarly to the Management front-end, to the back-end API-gateway.
• Communication with the artificial intelligence module. The 2Vita-B Physical system exploits an artificial intelligence module that, through a Machine Learning (ML) algorithm, expresses an evaluation on the execution of an exercise performed by the assisted person, taking into account not only its distance from the ideal movement but also the previous judgments of the physiotherapist on exercises performed similarly. During its actual use, the 2Vita-B Physical system will continue to improve the accuracy of the model through a continuous learning strategy, which involves updating the model based on new assessments made by the physical therapist. The ML module of the 2Vita-B system is accessible, as a stand-alone component via REST interface and deployed via Gitlab pipeline, to rehabilitation-service only.
• Communication between microservices and databases and intercommunication between microservices. Each microservice has its database. The communication between a microservice and its relational DB is done through the JDBC protocol and the Hibernate library, which is among the most used implementations of JPA (Java Persistence API) at the moment. For the communication between the monitoring microservice and its document DB, instead, the MongoDB Wire Protocol and a Java driver are used. Such components allow the manipulation of objects representing the database and the specific collections. As foreseen by the architecture, it is possible the communication between different microservices, which expose specific interfaces to create a communication channel characterized by the exchange of JSON documents. So, if a microservice needs information from another module, it is sufficient to forward its request to the API-gateway which will address it to the target microservice and return the answer.
[image: Figure 3]FIGURE 3 | 2Vita-B Physical system deployment diagram.
2.3 The Rehab Station
This section describes in detail the main component of 2Vita-B Physical, i.e., the rehabilitation station. Such component—through the latest version of Microsoft Kinect—allows the acquisition of an “ideal” movement for a specific rehabilitation exercise as well as the execution of rehabilitation exercises planned by a specific motor rehabilitation plan. In the following, the latter functionality is described in detail, after a description of studies evaluating the Microsoft Kinect in the context of motion tracking and analysis.
2.3.1 Motion Tracking and Analysis With Microsoft Azure
Microsoft Azure has widely experimented in the past with motion analysis and tracking applications. Obdrvzalek et al. (2012) compared the estimation of the Kinect v1 pose with more sophisticated pose estimation techniques from motion capture data and evaluated precision and robustness. The stated background is the elderly population’s coaching. They used a single Kinect camera mounted about 3 m away from the subject. The authors reported a 30-min coaching session that would be usually extended for the daily workout routine of the elderly. They conclude the paper announcing their acceptance as a low-cost solution for real-time motion capture and body monitoring in health applications using systems such as Kinect.
Kuster et al. (2016) involved twenty subjects in their experimentation aimed at assessing the validity of the Kinect v1 in tracking upper body motion. Therefore, participants were requested to conduct shoulder abduction in frontal and scapula plane, flexion, external rotation and horizontal flexion in two conditions (sitting and standing). They compared the Kinect sensor to a marker-based system. The conclusions of this work report the adequacy of the Kinect v1 sensor to measure arm motion in a clinical setting.
Mortazavi and Nadian-Ghomsheh (2018) studied the stability of Kinect for Range of Motion (ROM) measurement during static stretching exercises. In this study, 13 subjects took part and completed 5 exercises at 2 separate distances from the cameras. The exercises were recorded simultaneously with the Microsoft Kinect v1 and Kinect v2. The results showed that Kinect v2 is more stable compared to Kinect v1.
Clark et al. (2015) investigated the accuracy of the Microsoft Kinect v2 during a variety of static and dynamic balance assessments. The aim of this study was therefore to assess the concurrent validity and reliability of Kinect v2 kinematic data compared to a marker-based benchmark system. Thirty stable adults completed two exercise sessions, separated by 1 week, consisting of static standing balance tests under varying visual conditions (eyes open vs. closed) and accommodating conditions (single limb vs. double limb), and dynamic balance tests consisting of forward and lateral reach and equilibrium maximum measurement. The results of this work showed that concurrent validity between the systems was mostly found for trunk angle data during the dynamic tasks and—as for the static balance—the highest correlations were found for the anterior-posterior range and path length in the static balance.
The latest version of Kinect, i.e., Azure Kinect DK, has been recently evaluated in the context of motion tracking as well (Albert et al., 2020; Ma et al., 2020; Tölgyessy et al., 2021). All these studies considered the Azure Kinect DK as a promising sensor for motion tracking applications. Thus, we are confident that the Azure Kinect DK based motion tracking system of 2Vita-B Physical can provide an accurate analysis of the execution of rehabilitation activities.
2.3.2 Execution of an Exercise
After logging into the system, 2Vita-B shows to the Patient a form containing the exercises to be performed and general information about the motor rehabilitation plan is displayed (Figure 4A). To execute an exercise, the Patient has simply to choose “Execute.” Also, the Patient can scroll through the list of exercises using the arrows on either side of the current exercise tab.
[image: Figure 4]FIGURE 4 | The GUI of the Rehab Station: (A) list of exercise scheduled according to the motor rehabilitation plan; (B) detailed description of the exercise to be performed; (C) execution of an exercise; (D) replay of a performed exercise.
By clicking on a specific exercise, the Patient can access a detailed description of the exercise as well as the movements to execute (Figure 4B). By clicking on the “Video” button the user can also watch a video of the exercise being performed. At any time, it is possible to move to the “Execution” tab by clicking on it.
A screen with the execution of an exercise is depicted in Figure 4C. The red dot on the left indicates that the movement is being recorded. During the execution of an exercise, there is the avatar performing the ideal movement. Only the avatar’s outline is visibly superimposed on the actual movement by the Patient. Feedback on the performance is also provided (see the smiley face and the bar under the avatars). On the left-hand side, the Patient will also find 1) the overall (average) performance level, 2) the current performance level, 3) the elapsed time, 4) the current repetition and 5) the heart rate.
At the end of the execution, it is also possible to visualize the recorded performance (see Figure 4D). On the left, there is the actual movement (with again the template representing the ideal movement) and on the right the ideal movement. Finally, by moving to the “Considerations” tab, the Patient can provide numerical feedback (from one to five stars) about the perception of the own performance and a textual note. By clicking on “Save” the execution is uploaded online.
3 USABILITY EVALUATION WITH POTENTIAL PATIENTS
This section reports the results of a preliminary study carried out to evaluate the usability of the main component of 2Vita-B Physical, i.e., the Rehab Station.
3.1 Planning of the Study
The context of the study is composed by 29 participants, 21 males and eight females. Table 1 reports some statistics on the subjects involved in this experimentation.
TABLE 1 | Statistics of the participants.
[image: Table 1]In the context of the study, participants were required to perform five rehabilitation exercises with the support of the Rehab Station of the 2Vita-B Physical system. The five exercises to be perform belong to five different motor rehabilitation plans:
• shoulder rehabilitation (with particular reference to the deltoid muscles of the middle bundles): standing, hold a weight of 1–2 Kg, with the arm outstretched, abduct until reaching 90°, without exceeding shoulder height. Return slowly to starting position.
• elbow rehabilitation: standing, hands crossed behind nape of neck, move hands away from head, extending elbows upward, hold for 4 s and return to starting position.
• hip rehabilitation (with reference to the iliopsoas muscle, rectus femoris muscle, sartorius muscle and pectoralis muscle): standing, with a 1–2 Kg weight, flex the hip until it reaches 90° and return to the starting position (the exercise can be performed with the knee flexed or with the leg extended).
• knee rehabilitation (with reference to the quadriceps muscle and large and small gluteal muscles): standing, holding two dumbbells one in each hand, step forward with your right foot, resting on a step. Concentrate on the left leg, bending it down until the knee touches the floor. The leg to bend is the left, the right leg bends accordingly, not the other way around. Return to the starting position by pushing with the front foot.
• spine rehabilitation (with particular reference to the lumbar muscles): standing, arms along sides, slide left hand along left thigh, tilting trunk, to maximum possible width, hold for 4 s and return to starting position. Repeat on right.
The choice of the exercise was not random. Exercises were properly selected to evaluate the usability of the system during rehabilitation activities involving both upper and lower part of the body.
Each exercise was repeated ten times. The experiment included a single period of performance, during which the subject performed the entire sequence of the five exercises described above. The approximate duration for the execution of all exercises was 30 min. A physiotherapist assisted during the execution of the exercise to provide information, if needed, to the participants. No specific clothing was provided for the performance of the exercises, although we recommended sportswear.
At the end of the execution of all the exercises participants filled in an online questionnaire. The questionnaire aims at measuring the usability of the system and is based on the System Usability Scale (SUS) (Zviran et al., 2006; Salvendy, 2012; Brooke, 2013), a reliable tool for measuring the usability. The questionnaire is reported in Table 2. It consists of a ten item questionnaire with five response options for respondents, from “Strongly agree” (5) to “Strongly disagree” (1). There is a positive tone of the odd-numbered items; the tone of the even-numbered items is negative. Much effort form the scientific literature was dedicated to the assessment of the SUS as usability questionnaire and in many studies the evidence of the validity and sensitivity of the SUS is shown (Bangor et al., 2008; Lewis and Sauro, 2009; Lewis et al., 2015). Before filling-in the questionnaire, participants had also to provide their consent; the data collected is recorded, processed, managed and stored in electronic, automated, and computerized form for the exclusive purposes related to research, in an absolutely anonymous form.
TABLE 2 | The System Usability Scale (SUS) questionnaire (Brooke, 1996) used to evaluate the usability of the system.
[image: Table 2]The SUS tool allows to compute an overall score based on the answers (values ranging from 1 to 5) provided by each participant. Especially, positively worded questions (odd numbers) contribute to such a score as the selected value by the participant minus one; while the score contribution for negatively worded questions (even numbers) is five minus the selected value. Then, the final score is obtained by multiplying the total of the single item score by 2.5. As a result, the total SUS rating varies from 0 to 100, with 2.5 point intervals between 0 and 100 (Sauro and Lewis, 2012).
Several analytics were also proposed in the literature to convert the raw SUS score into a grade of usability. The most comprehensive approach is the one proposed by Sauro (Sauro, 2011). Especially, to generate a global benchmark for SUS, the author combined the Bangor et al. (2008), Sauro (2011), and Albert and Tullis (2008) datasets containing a total of 446 surveys/usability studies of different kinds of software systems. A survey/study has multiple respondents; most have been between 10 and 30 respondents and some have more than 300. Based on the distribution of SUS score in such a large dataset, Sauro was able to define a table for converting a generic SUS score on a grade of usability ranging form A+ to F.
3.2 Analysis of the Results
The individual SUS score obtained from the participants are depicted in Figure 5. The distribution of raw SUS score presents a mean value of 81.8 with a standard deviation equal to 14.1. According to methodology proposed by Sauro (2011), the achieved average score reached the 90–95 percentile rank. This means that 2Vita-B Physical is more usable than 90–95% of 446 systems composing the dataset by Sauro (2011).
[image: Figure 5]FIGURE 5 | The SUS scores achieved in the usability study.
The distribution of grades, according to rating scale proposed by Sauro (2011), is depicted in Figure 6. As we can see, in 17 out 29 (about 60%) of the cases the usability of the system reached the maximum grade, i.e., A+. By considering the achieved average SUS score, 2Vita-B Physical obtains an A grade. Only in two cases, the score was F.
[image: Figure 6]FIGURE 6 | The SUS grades distribution, according to rating scale proposed by Sauro (2011), achieved in the usability study.
Most of the participants have considered the 2vitaB-Physical system highly usable. Particularly, questions 1, 3 and 7 have been marked with a high score by many participants. These results are indicating that:
• if rehabilitation therapy is needed, most of the participants think they would use the 2Vita-B Physical system frequently (question 1).
• many participants have considered the 2Vita-B Physical system easy to use. And also they have considered the system very quick to learn by most of the people (question 3–7).
Many positive comments were provided also in the notes, where participants were free to express their opinion. A common comment is about the importance of the 2Vita-B Physical system because it allows physical rehabilitation sessions to be conducted with the same care as in professional centres. Also, many comments are about the ease of use of the system.
If we take into consideration the participants that filled that questionnaires that generated the 2 F grades, we can notice that, in contraposition to the others, they have considered the system as not easy to use. Also, one of them thinks that many things have to be learned before using the 2Vita-B Physical system. In other cases, one of the participants marked the question 8 with a 5, meaning that the system was found very awkward to use. In the free-text space, one of these participants stated that the tracking—for some movements—was not precise and that a delay could be perceived by observing the avatar.
At the end of the questionnaire, participants had also the possibility to leave some general comments on the system by filling in a free text field. From the analysis of such comments it was possible to derive interesting improvements to the system that we plan to implement in the future:
• It might be preferable to customize the avatar in terms of gender, height, and weight, perhaps acquiring them directly from the user. In addition, several participants would opt for an avatar with a more human appearance or even one that reflects the user;
• Although accurate, it might be useful to further improve the accuracy of the avatar movements so that it shows as accurately as possible how to perform a specific movement;
• There were mixed comments on the monitoring and display of vital parameters. For some, they are distracting; others, however, requested the monitoring of additional vital parameters, such as the level of body hydration, breathing, and EMG for muscle tension.
4 THE VIEWPOINT OF THE PHYSIOTHERAPIST
The previous study provides an indication of the usability of the system by potential patients that were enrolled to perform physical rehabilitation exercises. However, the 2Vita-B Physical system involves other actors, such as the physiotherapist. In order to get insights on the usefulness of the tool by the viewpoint of an expert, we conducted a structured interview with a physiotherapist with more than 10 years of experience in rehabilitation therapies. A structured interview is a kind of interview characterized by the use of extremely structured and codified questions aiming at generalizing the answers received. In the following we report the experimental procedure and the analysis of the answers received.
4.1 Experimental Procedure
The experimental procedure first provided an in-depth demo of the 2VitaB-Physical system, and then moved on to the evaluation part, in which the specialist was asked the questions shown in Table 3. At the end of the interview, we also collected free considerations and possible suggestions to improve the effectiveness of the 2Vita-B Physical system.
TABLE 3 | The questions asked to the physiotherapist in the context of the structured interview.
[image: Table 3]4.2 Analysis of the Answers
Regarding home rehabilitation (question 1), the physiotherapist declared that home rehabilitation is a great way to prevent movement for people who have impediments. However, with home rehabilitation, the physiotherapist is unable to assess the environment in which the exercise is being performed. This assessment is critical to ensure the safety of the patient. In addition, some aspects of the patient’s health are better assessed in the presence (e.g., balance problems). Such an assessment allows the physiotherapist to define low-risk, environmentally appropriate exercises. Nevertheless, the physiotherapist confirmed that home rehabilitation is an excellent tool that the patient can use having the perception of being monitored by a professional (question 2). In the specific case of the 2Vita-B system, this happens because of the presence of visual feedback, which is normally missing when doing exercises at home alone.
Turning to the 2Vita-B Physical system (question 3), the physiotherapist considered it a great system, providing practical support to both the physiotherapist and the patient. One of the strong points is the continuous feedback: The system accompanies the patient, who is not in danger of forgetting the exercise. Moreover, besides showing the exercise, the presence of continuous feedback that shows where the patient is making mistakes and how to correct the mistakes helps in the correct execution and safety of the exercise itself. Thus, the physiotherapist considered the presence of an avatar a very useful visual support to the self-correction of the movement by the patient (question 4). However, she also emphasized that the (physical) movement correction done by a physiotherapist is irreplaceable. But if the patient knows how to correct himself, 2Vita-B Physical is a great system. Finally, the physiotherapist considered very clear the visual feedback provided during the execution of an exercise (question 5).
Regarding the actors of the 2Vita-B system, the physiotherapist (question 6) suggested also to add the nurse with the aim to record into the system any problems with scars and/or healing wounds in the patient. Also, the interaction among all the actors was definitely considered of great importance.
Finally, the physiotherapist considered the artificial intelligence component a crucial component to supporting the physiatrist or physiotherapist in the long-term management of a patient. It can be of great help also to the other members of the team as it allows to have a preliminary idea of the progress of the patient’s rehabilitation therapy. Also, the physiotherapist confirmed that the artificial intelligence component needs to take into account compensatory movements when predicting the correctness of an exercise. For example, if a patient fails to extend the arm and compensates for such movement by extending the torso, this should be negatively evaluated.
At the end of the interview, the physiotherapist was asked to provide any feedback to further improve the 2Vita-B Physical system. The first suggestions concerned assistance during a rehabilitation exercise. Specifically, the specialist stated that it could be useful to provide the physiotherapist with the possibility to make a video call with the patient to allow her to assess the environment and the health status of the patient before starting the exercise. Moreover, it could be useful, in addition to a visual feedback, an audio feedback during the execution of an exercise to scan the time during the execution of the exercise, indicating the intermediate phases of the movement. Finally, the physiotherapist highlighted the usefulness of weighing more the errors during simple movements during the automatic evaluation of the correctness of an exercise. Indeed, these errors could indicate serious motor difficulties of the patient or lack of attention in carrying out the exercises.
5 SOCIAL IMPACT OF THE SYSTEM
In this section we reflect on the impact that the 2Vita-B Physical might have in practice.
5.1 Improved User Experience for Rehabilitation
The first clear benefit provided by 2Vita-B Physical is the improved user experience compared to traditional rehabilitation activities. The 2Vita-B Physical system, indeed, provides gamification elements, i.e., it uses concepts typical of games (e.g., scores, achievements, and rewards) to make the rehabilitation activity more compelling. Nowadays, gamification is widespread in the health domain: For example, apps that use gamification concepts for fitness and diet (Lister et al., 2014; Wu et al., 2015) revolutionized such fields. The benefits of serious games have been proved also in the context of the assistance of Persons with Dementia (PwD) (Unbehaun et al., 2020). A study of 4-month involving 52 PwD and 25 carers indicated that a videogame-based system promoted activity, launched meaningful connections, and facilitated social benefits in real-life care settings for individuals living with dementia. The system was also reported to partially enrich and support the complex daily routines and challenges, and even initiate time-saving effects for care givers. Finally, results showed that relatives saw the system as a tool for creating new incentives for organized training activities for PwD and encouraging them to participate in home and care facility activities.
The 2Vita-B Physical system aims to achieve a similar goal with rehabilitation. We expect our system to have an impact mostly also because previous work reported the positive results obtained by gamifying rehabilitative activities through the so-called serious games. Serious games for rehabilitation (Postolache et al., 2019) have clear therapeutic goals, such as: Forearm movement, upper limb control, limb angular velocity, hand-eye coordination, endurance, speed, accuracy, range of motion, trunk movements, core posture, balance, and muscle strength. Such systems aim to set tasks, record and display progression so that users feel they are achieving their goals and succeed in improving their physical condition. In fact, to be effective, games should elicit specific movement characteristics in subjects that are considered relevant to the function being trained (Skjæret et al., 2016). In addition, games have play environments that make it easier for older people or people with disabilities to transfer learned (or re-learned) movements into real-world situations. This allows users to have improved interaction with the virtual environment related to an exercise program, and maintains patient engagement in exergaming at a high level (Theng et al., 2009). Finally, exergaming generally offers similar results to conventional therapy (Laufer et al., 2014; Bonnechère et al., 2016), or alternative exercise (Donath et al., 2016), succeeding, in some cases, in providing an improved effect over conventional therapy (Skjæret et al., 2016).
5.2 Reduction of Costs Related to Rehabilitation
The main drawbacks of adopting home rehabilitation systems in practice are related the high costs of the equipment needed to accurately capture the patients’ movements at home. In 2Vita-B Physical, we experimented the use of a cheap yet effective device, the Microsoft Kinect Azure DK. It is worth noting that the original Microsoft Kinect was designed to be used as an interface for video games: Such a device is designed to be both easy to use and reasonably priced for the general public. Moreover, our system allows to reduce other costs related to rehabilitation. First, it rules out the costs linked to the necessity to move to the health facility. Such costs are not only economic-related, but also health-related, since such a practice slightly increases the risks of injuring for the patient. Also, this system allows to optimize the time management of physiotherapists: The activity performed by the patient and the evaluation made of the physician do not need to be synchronized. All things considered, we believe that a system like 2Vita-B Physical allows to sensibly reduce the costs of rehabilitation.
Our expectation is confirmed also by previous work, which focused on the impact in terms of cost of adopting remote rehabilitation on the healthcare costs (Dalal et al., 2019; Veras et al., 2020). Bettger et al. (2020) investigated the impact of a virtual treatment program on healthcare expenditures and clinical outcomes following Total Knee Arthroplasty (TKA) when compared to standard treatment. Virtual treatment with tele-rehabilitation for professional clinical observation dramatically reduced 3-month healthcare expenses as compared to standard home or clinic physical therapy. Furthermore, the results were found to be similar in terms of effectiveness. The authors recommended virtual treatment under physician supervision should be considered for TKA patients.
5.3 2Vita-B Physical Beyond Rehabilitation
In its current shape, the 2Vita-B Physical system is dedicated to patients that need rehabilitation, i.e., its usage is limited to the time interval in which the patient is in need of rehabilitation. However, our system can be adapted to several different scenarios, some of which provide for the use of the system continuously. One example is the training of athletes: Many disciplines require practicing in performing precise movements. The 2Vita-B system can be easily used, in this context, to allow athletes training continuously, thus limiting the necessity of the constant presence of a coach. In other words, the 2Vita-B Physical system could become a virtual personal trainer.
Another similar example, more directed to the mass public, is the possible adaptation of the 2Vita-B Physical system to the fitness domain. Differently from commonly used fitness apps, some of which allow to have optional feedback from a human “personal trainer,” our system would be completely automated and it would help users to learn how to correctly perform exercises.
6 RELATED WORK
In the last decade, a lot of effort has been devoted by the research community to design and implements Kinect-based approaches supporting home rehabilitation (MousaviHondori and Khademi, 2014; Lun and Zhao, 2019). A recent survey on the use of Microsoft Kinect in healthcare has been presented by Lun and Zhao (2019). In the following, we discuss in detail the approaches more relevant for the 2Vita-B Physical system. We also compare the peculiarity of the 2Vita-B Physical system with similar approaches proposed in the literature.
Bamrungthai and Pleehachinda (2015) created a game-based approach to help people recover from strokes. The suggested system used a Microsoft Kinect v1 as a motion-tracking sensor and a basic color-matching puzzle game as the rehabilitation test. For the pre-experimentation, the authors enlisted a group of healthy students and professors, as well as a patient for the real validation of the system. The main objective declared by the authors was to assist stroke patients in regaining control of their hand and upper limb movement under the supervision of a therapist operator. The technology was successfully tested with a patient in a clinic context after successful in-house testing with normal people.
Calin et al. (2017) aimed at improving exergaming systems’ interaction through an advanced gesture analysis which provides detailed feedback to the user regarding the correctness of the exercise performed, in particular on movement amplitude. The idea is to detect the correctness of a movement, providing also intelligently derived information and recommendations on how to improve it. The long-term goal declared by the authors was to develop a virtual rehabilitation assistant that could support people during the execution of a rehabilitation exercise. The authors tested the approach on their personal Kinect 2 databases as well as on the UTD-MHAD publicly accessible gesture database (Kinect 1). They distinguished three primary components of the movement: pose, trajectory, and range of motion. They reached classification accuracy by up to 56% using the Hidden Markow Model-based method.
Hidden Markov Models have also been used by Palma et al. (2015) to recognize differences between the typical performance in physical therapy settings. To assess the method’s efficiency, a wide range of common workout motions and common variations from these motions were considered. Experiments demonstrated that utilizing Hidden Markov Models trained with proper repetitions of the activities, it is feasible to identify deviations from optimality in chosen physical therapy motions. Because the sensor’s coordinate data is sequential, the authors stated in the results that it is easy to train a model for each phase of the motions under consideration, allowing for deviation detection.
Chang et al. (2011) proposed the development of a Kinect-based rehabilitation system to help therapists rehabilitate students. The technology, called Kinerehab, recognizes the student’s joint position automatically and utilizes the information to decide if the student’s motions have met the rehabilitation criteria and if the amount of exercises in a therapy session is adequate. To boost students’ motivation, the system also offered an interactive interface with voice and visual feedback. Two participants with significant mobility difficulties participated in a study conducted to evaluate the proposed system. Results showed that the technology piqued the students’ interest, and both of them expressed the desire to use it when the trial was done.
Khan et al. (2014) presented a visual evaluation system for in-home physical therapy that provides real-time automatic feedback. To reliably analyze the distance score between the partial user sequence and the whole expert sequence, a specific method based on dynamic time warping was developed. Rather than a single number, the proposed approach displayed a colored virtual skeleton image as feedback. The user’s performance is indicated by the varied hues of the limbs. This type of visual feedback allowed the user to quickly comprehend the errors and remedy them. The efficiency of the proposed suggested strategy is demonstrated by preliminary findings from two exercises involving diverse users.
To create an effective rehabilitation system, Roy et al. (2013) created a system that included serious games (mini-games) that processed 3D input using the Microsoft Kinect motion sensor. Such games are gamified versions of the rehabilitation activities that physiotherapists and occupational therapists need their patients to do. The mini-games are designed to address particular limb mobility issues that affect a wide number of people. Using real-time motion capture data, the software animates a person’s in-game avatar. The user’s whole skeleton is monitored, and the functions the user performs in the virtual world are simulated.
Souza et al. (2014) proposed the use of the Microsoft Kinect depth sensor and specific image analysis algorithms to distinguish between healthy volunteers and patients with multiple sclerosis, as well as categorize patients based on the severity of specific motor dysfunctions. Especially, Kinect was utilized to record specific neurologic motions, which indicated upper and lower extremity functions, as well as truncal stability. The study involved 86 healthy volunteers and 72 patients with multiple sclerosis. The results achieved indicate that it is possible to discriminate healthy volunteers from patients with multiple sclerosis.
Ma et al. (2018) conducted a study to assess the spatial accuracy and measurement validity of the Microsoft Kinect V2 sensor as compared to a gold-standard marker-based motion capture system (Vicon). The study was carried out with the help of Mystic Isle, a rehabilitation game that has been shown to improve motor function and daily activity performance in chronic stroke patients. Multi-planar and full-body motions are required in the Mystic Isle game. Games can be performed in a sitting or standing posture, depending on the therapeutic treatment plan, and are designed for people of all abilities. The user may walk around in 3-dimensional space while standing, similar to real-world rehabilitation. The authors found that Mystic Isle gives an accurate assessment of movement when compared to the Vicon system; nevertheless, their findings revealed that the precision of particular movements and planes of measurement is significantly lower.
Table 4 reports a comparison of the approaches discussed above based on several characteristics:
• Operator Needed: indicates whether an operator is needed to assist the patient during the rehabilitation exercise;
• Online Feedback: indicates whether the proposed approach provides an online and continuous feedback during the execution of an exercise to provide indication on the correctness of the performance;
• Expert Avatar Guide: indicates whether the proposed approach displays an avatar that guide the patient during the execution of an exercise;
• Automatic evaluation: indicates whether the proposed approach integrates a component able to automatically classify the correctness of an exercise.
TABLE 4 | Comparative analysis of approaches similar to 2Vita-B Physical proposed in the literature.
[image: Table 4]The table also reports the version of the Kinect used, the context of the study, and the number of participants involved in the experimentation.
The analysis of the table emphasizes the peculiarities of the 2Vita-B Physical system. Especially, this system is able to put together all the characteristics considered in the table: 1) the 2Vita-B Physical integrates the newly released Azure Kinect, 2) it does not need the intervention of an external operator during the execution of an exercise, 3) it provides real-time feedback and integrates an avatar as an expert guide, 4) it embeds a component of Machine Learning aiming at supporting the physiotherapist by providing an automatic assessment of a rehabilitation exercise. None of the system provides in the literature is able to provide such a complete support during rehabilitation activities. In addition, the system supports the communication and the information exchange from the different stakeholders composing the rehabilitation team.
7 CONCLUSION
In this paper, the 2Vita-B Physical system was presented, a software system dedicated to home rehabilitation. Thanks to the employment of the newly released Microsoft Azure Kinect DK, 2Vita-B Physical embeds a motion tracking component that allows conducting rehabilitation activities even in the absence of the therapist.
A preliminary evaluation of 2Vita-B Physical through a usability study is also reported. The study was conducted with 29 participants who were requested to conduct five rehabilitation exercises. At the end of all the exercises, participants were asked to fill in a System Usability Scale (SUS) questionnaire. The analysis of the results revealed that 2Vita-B Physical is more usable than 90–95% of 446 systems considered as a benchmark with an overall usability grade equals to A on a scale ranging from A+ to F. The results achieved are very promising and provide evidence of the high usability of the 2Vita-B Physical system as a home rehabilitation system. However, further experimentations are needed to verify whether the positive attitudes in the short term are reflected in actual behavior in the longer term (Nicholson, 2015; Stepanovic and Mettler, 2018). We plan in the future to perform a long-term case study involving real patients aiming at collecting data about the usage of the 2Vita-B Physical system during real rehabilitation activities.
Since the 2Vita-B Physical system involves other actors besides the patient, we also reported the results of a structured interview with a physiotherapist with more than 10 years of experience. Such a study allowed us to collect interesting data about the usefulness of the proposed system from the viewpoint of an expert. Again, the results are promising confirming the benefits that the 2Vita-B Physical system might have in practice.
Besides a long-term case study aiming at evaluating the effectiveness of the 2Vita-B Physical system, in the future, we also plan to design and conduct an experiment aiming at assessing the ability of the system to automatically evaluate the correctness of an exercise.
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What do you think about home rehabilitation?

Do you think home rehabilitation can contribute to the success of physical rehabiitation?

What do you think about the 2Vita-B Physical system?

Do you think the real-time support of an avatar contributes to the ongoing correction of a movement during a
rehabiltationexcercise?

How do you consider the visual feedback that the 2Vita-B Physical system shows during the execution of an exercise?
What do you think about the actors of the 2Vita-B Physical system? Do you think it is important that the physiatrist, the
physiotherapist, and the psychologist can interact through the system?

What do you think about the artficial inteligence component? Do you think it can support the physiatrist or physiotherapist
on the long-term management of a patient?

Doyou thinkitis important that the artificial inteligence component also takes into account compensatory movements when
predicting the correctness of an exercise?
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If I needed rehabiltation, | think that | would like to use this system frequently.
1found the system unnecessarily complex.
1 thought the system was easy 1o use.
Ithink that | would need the support of a technical person to be able to use this
system.
1 found the various functions in this system were well integrated.
1 thought there was too much inconsistency in this system.
I would imagine that most people would leam to use this system very quickly.
1 found the system very awkward to use.
1 felt very confident using the system.
0 I needed to leam a lot of things before | could get going with this system.
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