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Abstract 

A sedentary lifestyle and bad eating habits are leading causes of cerebral vascular accidents or strokes. 

Physical rehabilitation is often required to recover from upper extremity complications that commonly 

follow stroke. While computer-based interactive methods have been proposed to help defray person-hour 

costs, most require expensive dedicated hardware, lack good interfaces featuring user-centered 

biofeedback to better detect compensatory movements or assist the collaboration between patients and 

physiotherapists. To approach these problems, we propose BROTHERS-IN-ARMS, an inexpensive 

solution built with commercial off-the-shelf hardware to promote upper limb rehabilitation and 

collaboration between stroke patients and physiotherapists. In this work our goal is to study the impact of 

the use of interfaces as visual biofeedback tools to the demonstration of exercises, physical condition 

evaluation and treatment of patients with reduced mobility on their upper limbs in the physiotherapists 

day-to-day. We evaluated our prototype with physiotherapists and physical medicine and rehabilitation 

physicians. The study shown that all the professionals demonstrated receptivity in incorporating this 

system as a complement to their treatments and that this is a precursor to homebased rehabilitation, 

which can lead to a faster recovery. 

 

Keywords: Rehabilitation, biofeedback, upper-limb, stroke, physiotherapists, Kinect sensor   
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Resumo 

Um estilo de vida sedentário e maus hábitos alimentares são as principais causas de acidentes 

vasculares cerebrais. A reabilitação física é muitas vezes necessária de forma a recuperar dos 

problemas de mobilidade que surgem nos membros superiores que normalmente sucedem um AVC. 

Embora os métodos interativos baseados em computador tenham sido propostos para ajudar a reduzir 

os custos de horas-pessoa, a maioria recorre a hardware bastante caro, têm em falta boas interfaces 

com biofeedback centrado no utilizador de forma a ajudar a detecção de movimentos compensatórios ou 

a melhorar a colaboração entre doentes e fisioterapeutas. De forma a abordar esses problemas, 

propomos o BROTHERS-IN-ARMS, uma solução barata construída com hardware pronto a utilizar com o 

propósito de promover a reabilitação dos membros superiores e a colaboração entre doentes com AVC e 

fisioterapeutas. Neste trabalho, o nosso objectivo é estudar o impacto do uso de interfaces como 

ferramentas visuais de biofeedback para demonstração de exercícios, avaliação de condição física e 

tratamento de pacientes com mobilidade reduzida em seus membros superiores no dia-a-dia dos 

fisioterapeutas. O nosso sistema foi avaliado por fisioterapeutas e médicos de medicina física e 

reabilitação. O estudo demonstrou que todos os profissionais demonstraram receptividade em incorporar 

este sistema como um complemento nos seus tratamentos e que o protótipo se de trata de um precursor 

para a reabilitação física em casa, o que pode levar a uma recuperação mais rápida do doente. 

 

Palavras-chave: Reabilitação, biofeedback, membros superiores, AVC, fisioterapeutas, sensor Kinect  
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1. Introduction 

1.1.  Motivation 

In the last decades, the population has been living a much more sedentary life, either because people sit 

or because they stand up all day without exercising their body. This lifestyle, combined with bad eating 

habits, are the leading causes of cerebral vascular accidents or strokes and they can also induce several 

injuries on tendons, joints and ligaments, reducing the well-being of the person and ultimately induce 

premature death [1, 2]. 

In 2014 were registered almost 23.000 cases of stroke in Portugal, with 86% of the cases being 

discharged from the hospital [3].  Despite the rehabilitation process does not reverse the neurological 

damages, it is often required to recover from upper extremity complications that commonly follow a stroke 

to better the patient’s well-being and overall condition. 

It is known that there are health benefits correlated with regular physical activity that can prevent several 

chronic diseases (e.g. cardiovascular disease) and reduce the risk of premature death. There appears to 

be a graded linear relation between the volume of physical activity and health status, such that the most 

physically active people are at the lowest risk [4]. Therefore, including physical activity in the rehabilitation 

process of people who had a stroke and lost their mobility in the upper limbs is very important, both as a 

prehab, in order to prevent new episodes from happening, and as a rehab, to help improving the patient’s 

life despite the new physical limitations. 

The rehabilitation process main goals are restoring the patient’s motor patterns, recovering 

cardiovascular health and musculoskeletal injuries. This process is divided into three distinct phases – 

evaluation, demonstration and execution. In the evaluation phase the physiotherapist does an 

assessment of the current health condition of the patient in order to choose the most adequate exercises 

to that particular case. Next, in the demonstration step the physiotherapist exemplifies how the patient 

should execute the exercises correctly. Finally, in the execution phase, the patient executes the exercises 

prescribed by the physiotherapist. 

Most of the times, the execution step relies on some sort of guidance by a physiotherapist in order to 

perform exercises in the right way and build the right motor patterns. As there is a lack of professionals 

and the physiotherapists have to share their time between patients, most of the times, the latter have to 

perform the exercises on their own. This creates the need of somehow assess if the movements are 

being executed correctly and if there is any progression. There are three important concepts to have in 

mind in a rehabilitation process – repetition, feedback and motivation [5]. Learning motor patterns is a 

repetitive process that must be executed along with feedback in order to do the exercises correctly and 

motivation to keep the person doing the program prescribed. 
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The conventional rehabilitation approach has some problems associated with it. On one hand, it can be, 

most of the times, tedious and unattractive to the point that there is no motivation for the patient to 

complete the exercises. On the other hand, it can be very subjective as the physiotherapist does not 

registry all the measures that can be collected during the treatment process (e.g. the exact number of 

repetitions done correctly, the compensatory movements that occurred) either due to time constraints 

caused by the multitasking demands of their profession or lack of ways to do so. Beside the presented 

problems, the conventional methods can also be expensive and not portable. 

There are already some systems that try to make the rehabilitation process more attractive, portable and 

less expensive to the final consumer. All those solutions can track a person’s body and assess if the 

movements are being performed correctly. To do so, some require the use of kinematic sensors for the 

limbs [6, 7] but as they rely on using wearable hardware they can cause some discomfort and limitations 

to the natural movement of the body. 

In order to try to counteract the use of wearables, there has been an investment in computer vision to 

track body movement. Two main types of systems are used – marker-based motion capture (Mocap) [8, 

9] and RGB-D [10, 11, 12, 13, 14, 15, 16, 1, 17]. Maker-based systems use markers attached to the 

user’s body to track its position and movement in space while RGB-D systems use object recognition and 

depth to 3D map the body.  

This type of systems also arises technical and scientific problems. Among the technical problems, we 

have the total cost of the systems being far from low and tracking the body motion accurately without 

using any wearables that interfere with the natural human movement. In a scientific perspective, we have 

problems like the usage of segment orientation to find if the user is doing compensatory movements 

(abnormal movement patterns used to achieve a normal functional motor skill) during the exercise 

execution, and improving the collaboration and communication between the physiotherapist and the 

patient by using interactive and intuitive graphical interfaces.   
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1.2.  Scope and Objectives 

In this work, our goal is to study the impact of the use of interfaces as visual biofeedback tools to the 

demonstration of exercises, physical condition evaluation and treatment of patients with reduced mobility 

on their upper limbs in the physiotherapists day-to-day. To achieve this, we propose a system called 

BROTHERS-IN-ARMS. This research project aims to create a system that can be used for rehabilitation 

at a physiotherapy clinic. The focus of the work is mainly on neurorehabilitation and not on 

musculoskeletal rehabilitation. The system must satisfy the following key points: 

 Has non-invasive markerless Mocap; 

 Assesses if the exercise is well executed; 

 Has different GUI for the patient and physiotherapist; 

 There is real-time visual feedback to the patient; 

 Can deal with physical limitations; 

 Detect compensatory movements; 

 Tracks progress along the treatment; 

 Promotes collaboration and communication between the physiotherapist and the patient; 

 It is cheap; 

 It is portable. 

This work focused only on exercises that do not need any kind of equipment or objects to be in contact 

with the body. We expect that this system will, not only, help people to learn the correct execution of the 

movements in order to improve the performance of the patients, but also that they prevent injuries, the 

physiotherapists get less overloaded during their work and more people start doing some physical activity 

for their well-being. In the following sections we review related work, sum up the requirements analysis, 

detail the BROTHERS-IN-ARMS approach and present the results of our study. 
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1.3.  Contributions 

This master thesis presents both scientific and technical contributions to the physiotherapy paradigm. 

They include: 

 A system capable of detecting compensatory movements during the execution of an exercise; 

 A parameterizable system to adapt to the current physical condition of the patient; 

 A system that can track the progress of the patient across the time; 

 A study conducted along with physiotherapists and physical medicine and rehabilitation 

physicians and built iteratively accordingly their feedback; 

 A system that does not require wearables to track the body motion; 

 A portable and cheap system. 

 

1.4.  Publication 

Part of this work already has been presented at an international conference:  

André Domingues, Joaquim Jorge and Daniel Simões Lopes, Kinect-based biofeedback interfaces to 

improve upper limb rehabilitation, 2nd International Congress of CiiEM - Translational Research and 

Innovation in Human and Health Sciences, June 11 to 13, 2017, Lisboa, Portugal 

In the following sections we review related work, describe the requirements analysis, detail our solution 

and discuss the results obtained from the evaluation made with health professionals. 
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2. Related work 

In this section we start by presenting some of the work and research made in tracking the human body 

movement and evaluating its performance either using Augmented Reality (AR) or Virtual Reality (VR) 

based systems. This section is split in three subsections – Rehabilitation, Fitness and Visualization. 

2.1.  Rehabilitation 

Recently there has been an effort in developing systems that allow patients to execute the exercises 

prescribed by a physiotherapist during a treatment process at home. Most of them focus on upper limbs 

rehabilitation, mainly on shoulder exercises. Despite existing systems that use wearable kinematic 

sensors for the limbs [6, 7], most of them rely on Mocap and tracking systems as Vicon [8], Optitrack [9] 

and Kinect [10, 11, 12, 13, 14, 15, 16, 1, 17]. There is also work made using a webcam [18].  

In order to produce motor learning and cortical changes, a good rehabilitation system must not only rely 

on repetition, but also has to create a link between the repeated practice and incremental success in the 

proposed task (Fig. 1). Thus, it must follow the concepts of repetition, feedback and motivation [5]. Also, 

when dealing with repetitive exercises, the main goal should be divided into several sub-goals to increase 

the patient’s motivation either to perform and complete the task or to improve performance [9]. 

 

 

Fig. 1 - The process of learning motor patterns and produce cortical changes. 
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Architectures involving Mocap systems only are often preferred over the ones that require wearable 

markers or hardware. This happens due to the discomfort and, sometimes, natural body movement 

limitation that the wearables can provoke. Furthermore, if the sensors are placed incorrectly, they can 

generate errors in the measurements causing the collection of data that do not match with reality. Over 

this, there is also the inconvenient of, most of the times, this hardware being more expensive than the 

ones that only require a camera like Kinect [15]. Therefore, there are many systems which only need a 

camera and a display or a surface to display their interface. 

One of the biggest problems of creating a solution that tracks the movement of the body properly and 

uses either VR or AR immersive techniques is the overhead of hardware used. There is a ratio between 

the quality of the data collected from the patient’s body and the cost of the equipment. Some authors refer 

that Kinect does not have the accuracy needed to be used in rehabilitation treatments because cannot 

detect well limb orientations and rotations, neither can deal well with occlusions, leading them to use 

other tracking systems [8, 9] like Vicon and Optitrack. But there is a downside to these systems. In order 

to get a better tracking performance, the patient needs to have markers on their body so the actual 

position of their limbs is known precisely, causing once again the same problems of discomfort and 

limitation of movement. Among the analyzed systems, there are a couple that require wearable 

accessories, like Physio@Home [8] and SleeveAR [9]. 

Physio@Home is a prototype that guides people through pre-recorded physiotherapy exercises using 

real-time visual guides and multiple camera views (front and top views) displayed on a screen, in order to 

prevent re-injury while performing exercises without any guidance from a physiotherapist. Their design 

addresses several aspects of corrective guidance, including plane and range of movement, joint positions 

and angles, and extent of movement. As said before, this system uses a Vicon tracking system and a 

wearable sleeve with markers on each joint (shoulder, elbow and wrist) so it is possible to track their 

position. The usage of more than one camera in different angles gives to the patients a better perception 

of depth and how their bodies are moving in planes other than the frontal plane. 

SleeveAR aims at providing the means for patients to precisely replicate these exercises prescribed for 

them by a physiotherapist. Since the rehabilitation process relies on repetition of exercises during the 

physiotherapy sessions, their approach contributes to the correct performance of the therapeutic 

exercises while offering reports on the patient’s progress. Furthermore, without rendering the role of the 

physiotherapist obsolete, their solution builds on the notion that with proper guidance, patients can 

autonomously execute rehabilitation exercises. Like Physio@Home, this system uses a sleeve with three 

markers on the joints (shoulder, elbow and wrist) but instead of Vicon it uses a Optitrack tracking system 

and instead of a normal screen it uses a projector to display some visualizations onto the floor and the 

arm sleeve. The authors said that sometimes the arm obstructed the visibility of the projections made to 

the floor. 
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As both Physio@Home and SleeveAR rely on using multiple cameras in order to have multiple views and 

different capture angles, wearables to track the arm movement the costs of the system are far from low 

cost. Beside increasing the total cost of the system, the projector used by SleeveAR also requires a lot of 

physical space in a room, which is a problem if the patients want to do their exercises at home or without 

having a big reserved area in the physiotherapy clinic to the system. 

Then, most close to the work we developed, we have rehabilitation systems that only require a Kinect 

camera and a display [10, 12]. In [10] a Kinect based intelligent e-rehabilitation system in physical therapy 

is proposed by Gal et al. with the goal of monitoring the patients who need to perform several sets of 

exercises to correct their postural problems. Those problems include scoliosis, hyperlordosis, 

hyperkyphosis and several other posture deformations that can be solved with medical exercises. The 

main idea of the system is using Kinect to monitor the patient movements and give some feedback of the 

correctness of the motion execution. To evaluate the joint and posture correctness it is used fuzzy 

inference logic. This system also tracks the progress of the patient through the whole treatment process 

in order to detect if there were any improvements. 

As the system presented before, Zhao et al. also propose a Kinect-based rehabilitation exercise 

monitoring and guidance system [12]. The system demonstrates the correct way of doing an exercise via 

a 3D avatar on one side of the screen based on pre-recorded motion data. On the other side of the 

screen, another avatar that reflects the actual patient movement is shown. It implements a set of 

correctness rules for each exercise and assesses the patient’s movement in real-time. The assessment 

results are included in the patient avatar in the form of visual guides to help the patient perform the 

exercise correctly. Vital data related to the quality and quantity of exercises, such as correct repetitions, 

as well as detailed motion data are recorded for real-time feedback and post-analysis. There are four 

modes of operation – recording a demonstration session, learning how to perform the exercise, execution 

of the exercise and review of the recorded exercise sessions. They assess the correctness rules for two 

exercises, hip abduction and bowling. Both systems are a lot cheaper and portable than the ones 

presented before, being this a big reason for us to explore the usage of Kinect as a clinical tool. 

According to Morrison et al [11] Kinect can be used in situations where the patient does not need to hold 

big objects or wheelchairs that can lead the camera to think that it is a part of the body. This work also 

refers that games are a good motivation for rehabilitation treatments but they need to configurable 

settings to define the velocity of the exercises to prevent frustration of the patient. 

Finally, Krishnan et al. tried to build a low cost real-time motion tracking system using webcam technology 

[18]. It relies on using a Logitech HD Pro Webcam C920 (1080p, 30fps), a SunPAK 6600DX heavy duty 

tripod, a Rigid Industries floodlight, three 19mm retroreflective markers as hardware and LabVIEW Vision 

assistant as image processing software. To test the system, they tried to track the gait of a person in the 

sagittal plane. To accomplish this, the three markers were placed over the hip, knee and ankle joints. 

They compared their results with the ones collected by Lokomat and concluded that they were close 
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enough to be accurate. The main difference between this system and one that uses Kinect is that this 

system works on the sagittal plane and the Kinect on the frontal plane. Despite they tried to make a low-

cost system, they ended up spending ≈ $1100, which is a lot comparing to the price of a Kinect One (≈ 

$100). 

2.2.  Fitness 

With the increase of people interested in living a healthy lifestyle there was a growth in the number of 

people in the fitness community. Alongside with this, there has been an interest in creating a system that 

allows athletes and the common user to train at home with some guidance without the need of having a 

coach in the same room. Although our work’s purpose is not solving an existent problem in the fitness 

community, all the works described in this section use Kinect as a tracking system [13, 14, 15, 16, 1, 17], 

which can be useful in order to adapt some of their ideas to the physical rehabilitation paradigm. 

As referred in [19] by Tao et al., the optimal position of the Kinect is between 1.45 and 1.75 meters in 

front of the patient and 0.15 meters left or right (Fig. 2). This is considered a small space, which is 

convenient for people who use Kinect at home or in any other small rooms. 

 

Fig. 2 - Kinect optimal position. 

When performing free-weight exercises there is often equipment worn for safety reasons and to prevent 

the user from injuring themselves (e.g. wrist wraps, weightlifting belt, etc.) so a solution that does not 

have the need to use wearables is the best option, in order to be less obtrusive as possible [13]. 

Without the right execution of the exercises, injuries can happen and they can compromise the athlete’s 

life quality and physical performance. So, to prevent this to occur, in [13] Conner et al. had the goal of 
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creating a piece technology that aids beginners in learning the proper exercise form and techniques, as 

well as helping experienced lifters correcting their form when they are at fault. They chose squat as a 

proof of concept that free weight exercises can be tracked and the form of the athlete can be corrected 

based on the given feedback. A Kinect was used to track the athlete’s body movement. Athlete’s 

expressed that the software was very helpful and the software helped them improve their form because it 

allowed them to see what they were doing wrong in real time. Despite some important criteria like hip 

alignment and knees collapse was left aside it is possible to conclude that Kinect has sufficient precision 

to check if the user was doing the squat correctly. 

Lisboa et al. made a track system for CrossFit athletes [14]. It is based on four key points – individual 

monitoring, audible feedback, detailed report and non-invasive monitoring. They developed a system 

based on a Kinect Sensor and the Skeleton Basics-WPF, application to recognize particular movements 

monitoring the variation of the joint angles, and sending an instantaneous audible feedback to users 

correct their postures. The application also issues a training report at the end of the session, showing the 

scores of each repetition performed, providing a tool for the coach and the athlete to evaluate the points 

that can be improved. It is non-invasive, thus preserving the athlete’s environment. As a proof of concept 

they analyzed the Thruster, a multi-joint exercise. Volunteers reported that the feedback makes them stay 

more alert to their posture during the exercise. The collected quantitative data indicate that this situation 

resulted in the decrease in the performance of athletes compared to the same tests without feedback, 

leading them to think that perhaps the real-time feedback should not be given to each repetition, but only 

when the error occurs for a significant amount of repetitions. 

With a bit different approach than the other fitness systems presented, Anderson et al. developed 

YouMove [1], a solution based the Kinect tracking system that uses an AR mirror instead of the usual 

screen. The idea behind the mirror is to emulate a traditional “ballet mirror” with graphic overlays for 

guidance and feedback. It uses the recorded video and 3D movement data to guide the trainee through a 

series of interactive stages. YouMove is composed by a simple program to record data, and a separate 

training system for playback of that data. The recording system allows authors to record themselves 

performing the movement. On the other hand, the editing interface allows authors to trim the recording to 

eliminate unwanted data. YouMove also allows authors to associate an additional audiovisual recording 

with individual keyframes, allowing the trainer to provide additional information regarding the movement. 

To calibrate the author’s training skeleton to each user, the system scales and translates it to match the 

user’s size and position. The spatial alignment is done by aligning the hips of the author skeleton with the 

hips of the trainee. Scaling the skeleton is achieved by dynamically resizing each bone in the trainee 

skeleton to match the size of the corresponding bone in the trainer. Training is composed of a series of 

stages, and each stage scores the user’s performance based on the similarity between their movement 

and the target movement. If their performance is high enough, they get a gold star and are allowed to 

progress to the next stage. To avoid frustration, a stage is also unlocked if they repeat the stage twice. 

Once a movement is selected from the exercises gallery, the system progresses through five stages – 
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demonstration, posture guide, movement guide, mirror, and on your own. Despite the mirror presenting a 

real-time feedback it brings out space constraint problems and also elevates the total cost of the product. 

The authors also refer that Kinect has difficulty tracking movements that cause large amounts of 

occlusions. 

All the rehabilitation and fitness systems presented until now consider non-collaborative activities, that is, 

the patient/athlete do not require the presence, either offline or online, of a physiotherapist/coach. On the 

other hand, Online-Gym [16] and Onebody  [17] are systems where there are a direct relation between 

the athlete and the coach during the physical activity. 

Cassola et al. presented Online-Gym [16], an exploratory project based on an online 3D virtual worlds 

platform that allows users to interact with the system through the use of a Mocap device such as Kinect. It 

aims to create an online gymnasium – a virtual three-dimensional space where different athletes, 

physically apart, attend a shared workout session coached by a monitor, all of them connected over the 

Internet and represented by avatars directly animated by the movement captured on the Kinect devices 

connected to each personal computer. This system has the advantage of having multiple athletes being 

coached by only one coach but it lacks mechanism to assess in real-time if the exercises are being 

executed properly according to the movements of the coach. 

Finally we have Onebody [17] a VR system for remote posture guidance using first person perspective 

proposed by Hoang et al.. The system utilizes a Kinect sensor for skeletal tracking of both the instructor 

and the student and each one uses an Oculus Rift has a display. Movements of both the instructor and 

student are captured by Kinect sensors and rendered as virtual avatars in a virtual environment. By 

overlaying the virtual avatars of the instructor and the student, the system creates a visualization of first 

person perspective to deliver movement instructions, with the athlete "stepping into the instructor’s body”. 

Through the Oculus, the instructor and the student are brought into a shared immersive VR environment, 

where each is represented by a stick figure avatar. The movement of each user is mapped directly to the 

corresponding avatar through skeletal tracking. According to the author's, training with concurrent 

feedback has a negative impact on skill retention, especially after the feedback has been removed, so 

Onebody is only aiming at the early stage if skill learning and not at skill retention. Like YouMove [1] the 

tracked skeletons are normalized in order to match the difference in body sizes. Tests shown that 

synchronous training and first person view has a positive effect on posture accuracy and the system 

provided more opportunities for the coach to provide feedback to the athlete. Like we analyzed before, 

the wearables are not comfortable to the users, being this a big complaint made to Onebody. 
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2.3.  Visualization 

Some of the systems analyzed on the sections before have already put some work into assessing what is 

the best way to show the user the starting position, how should he move, the current state of the 

movement and how to end it. 

For instance, in Physio@Home [8], Tang et al. used a visualization that they called “Wedge” (Fig. 3), 

which is a dynamic visual guide that can be adjusted for the user’s size and position so it can provide 

contextualized movement guidance while the user is moving. It is built by several distinct parts – the 

movement arc, directional arrow, nearest arm and topdown angle. 

 The movement arc shows the arc that must be done and the angle already made by the user.  

 The directional arrow is a vector that indicates the direction the user must move.  

 The nearest arm is a red line that appears near to the arm so the user can correct is form if it is in 

the wrong position. 

 The topdown angle is similar to the nearest arm and it shows an angle between the correct 

position and the actual position of the user’s arm so the user can correct is form. 

 

Fig. 3 - Wedge visualization used in Physio@Home [1]. (a) Front plane visualization. (b) Top plane visualization. 

Visual guidance from the Wedge resulted in participants stopping as soon as any corrective guides 

appeared, realigning themselves, and then resuming the movement. These actions ensured they would 
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stay on the correct path at all times. Without corrective guides (using a video as reference), participants 

had no direct indication of how far off their movements were, and would continue through the exercise. 

Differently, as Sousa et al. project all the visualizations into the user and the floor in SleeveAR [9] they 

needed to have a different approach. The visual feedback is divided in four sections – forearm, upper 

arm, full arm and augmented floor (Fig. 4). 

To represent the forearm flexion and extension is used a black bar inside of a circle projected on the floor 

that moves accordingly. The desired state of the forearm is represented by a green bar. For the upper 

arm representation, the actual position is represented as dotted circumference and the desired position is 

represented with a full circle. The visualization of the full arm is result of the combination of both the 

forearm and upper arm representations. The augmented floor consists in a path that is drawn showing the 

direction where the arm must move. At the end of the execution of the exercise a percentage of accuracy 

is shown on the floor.  

 

Fig. 4 - Visual feedback used in SleeveAR [9]. (a)(b) Arm and floor feedback. (c) Performance feedback. 

On the fitness systems studied the visualizations are a bit different from the rehabilitation solutions 

presented before. Most of them present either the Kinect skeleton of the user or use an 3D avatar to 

represent the body. 

Gal et al. present on their Kinect based intelligent e-rehabilitation system [10] a window where a skeleton 

is drawn over the patient’s body and a message is shown whether when the posture is correct or 

otherwise, explicitly presenting the postural problem and how to correct it (Fig. 5). 
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Fig. 5 - Gal et al. [10] Kinect based intelligent e-rehabilitation system interface. (a) Feedback presented when the 

posture is correct. (b) Tips to correct the posture. (c) Postural problem feedback. 

Like the work presented before, in the Conner et al. [13] system the GUI consisted of two pages – the 

main activity page and the results page. On the right side of the screen, a video feed is shown so that the 

user can see themselves performing the squat and more effectively see what they are doing incorrectly. 

On the left side of the screen are the form requirements for the squat. The green check means that the 

requirement is currently being satisfied and the red X indicates otherwise. All the requirements except the 

legs parallel toggle between the green check and the red X. For legs parallel the indicator remains on the 

red X until the user reach parallel. When the user ends a repetition, it restarts. Then at the end of the 

exercise a summary is presented (Fig. 6). 
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Fig. 6 - Conner et al. [13] GUI (a) Real-time visual feedback. (b) Visual feedback after completing the exercise. 

Anderson et al. YouMove [1] uses a skeleton overlaying the user body as a role model in order to be 

easier for the user to replicate the movements of the exercise. Messages and vectors are shown so the 

user knows what sequence has to follow to reach the destination pose (Fig. 7). 

 

Fig. 7 – YouMove [1] mirror like feedback visualization. 

Then, we have systems that rely on a 3D avatar to represent the user’s body. On Zhao et al. [12] work 

two avatars are displayed, one for demonstrating the exercise and the other to represent the user’s body. 

A marker is placed next to the user’s avatar to point the target. This object changes its color temporar ily 

when the target is reached and when all the rules are obeyed for a specific repetition (Fig. 8). 

 

Fig. 8 - Zhao’s et al [12] avatar body representation. 

Onebody by Hoang et al. [17] represents both the user’s and the coach’s body has a stick figures. The 

bodies are represented with the colors blue and read, being one from the student and other from the 

teacher, respectively. The sticks that appear with the green color are the ones that are matched by the 

two tracked bodies (Fig. 9). 
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Fig. 9 – Onebody [17] student (S), teacher (T) and matching body segments (M) representation. 

Finally, we have works that are not originally made to be rehabilitation or fitness systems but have 

different approaches to represent the human body and movement. 

Ma et al. [20] present an interactive mixed reality system for learning the structure and function of the 

muscles associated with an upper extremity. They propose a muscle model developed in consultation 

with medical experts, which reflects the physiology of real human muscles. An AR view is generated by 

overlaying the virtual model of the arm on top of the video stream of a Kinect, which is displayed in a 

mirror-like way on a large TV screen. The system also includes a purely VR view, which can be controlled 

by the user in order to obtain the details of the interrelations between muscles during certain movements 

(Fig. 10). 

 

Fig. 10 - Ma et al. [20] muscles representation. 
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At last we have DemoDraw by Chi et al. [21]. DemoDraw is a system that enables authors to rapidly 

create step-by-step motion illustrations through physical demonstration using a Kinect. The system 

automatically renders characters and motion arrows based on demonstrations, which significantly 

reduces the amount of time and effort required to create an illustration. It helps users iteratively refine 

demonstrations to produce effective depictions. In the system, users can quickly add, replace, preview 

and modify demonstration takes. The motions are mapped to a 3D human avatar rendered as a black-

and-white contour drawing. An algorithm analyzes speech and motion streams to segment motions into 

illustration figures with keyframes. Salient joint movements are automatically identified and rendered as 

motion arrows overlaid on the stylized body drawing. When arrows alone are not adequate, stroboscopic 

could be combined to clarify details in the start, intermediate, and end poses (Fig. 11). 

 

Fig. 11 – DemoDraw [21] visualization creation workflow. (a) Demonstration. (b) Refinement. (c) Motion Arrows. (d) 

Stroboscopic Effect.  
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2.4.  Discussion 

After reviewing the existing literature related with the use of systems to portray biofeedback in physical 

rehabilitation and in general physical activities, it is possible to perceive that, despite some good work has 

already been made and is possible to be used as inspiration, there are several issues that can be solved, 

like discarding the use of wearables in favor of Mocap since it is less invasive, using less expensive 

hardware, making the system more portable and promoting more collaboration and communication 

between the physiotherapist and the patient. Adding up to these problems, most of the presented 

systems were not yet validated among physicians, so there the practical use of these systems at a clinic 

in a daily basis still needs to be assessed. 

Regarding the setup and hardware chosen to build our system over, we decided that we should discard 

the use of tracking systems as Vicon and Optitrack in favor of using a Kinect, due to the cost restrictions 

that we imposed ourselves to and because, as it was mentioned before, it has the sufficient precision in 

detecting body movement in the frontal (coronal) plane, being this the one that we pretend to use in our 

rehabilitation system. As for the way of displaying the interfaces, we think that the most practical solution 

is using displays instead of a projector so the physical space used is minimized, being this very important 

in a real scenario in which the system is used at a rehabilitation clinic. The use of wearables was also set 

aside due to the movement restrictions they cause to the patient, relying the body tracking entirely on the 

Kinect skeleton image recognition. 

In these works we observed the exercises represented either as a body that the patient should replicate 

its movements or as a path or targets that should be covered or hit, respectively. Between these options, 

we thought that using a mixture of a path with multiple targets would be the best option due to the set of 

multiple sub goals before completing a repetition and the simplicity of visual representation.  

Finally, we analyzed the representation of how the body should move to get into the proper position. This 

is useful for our work due to our need to represent how the patient should correct eventual compensatory 

movements that occur during the exercise execution. The visual guide chosen was the use of moving 

arrows because of their common usage in many paradigms to indicate where something should move to 

and because it can point the right direction of the movement. On the following page is presented a table 

where some of the presented solutions are compared (Table 1). 
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  Context Video capture Display Collaborative 
Imersion 

technique 
Exercises 

Uses 
wearables 

Body tracking 
Exercise 

comparison 

  Fitness Rehab 
Uses 

Kinect 
Single 

Camera 
Multiple 
Cameras 

Glasses Screen 
Floor 

projection 
Mirror Online Offline 

Non 
Collaborative 

AR VR 
Single 

exercise 
Multiple 
exercises 

  
Upper 
limbs 

Lower 
limbs 

Real-
time 

Recorded 

Physio@Home 
[8] 

  x     x   x         x x     x x x     x 

SleeveAR [9]   x     x     x       x x     x x x     x 

Kinect based 
intelligent e-
rehabilitation 
system [10] 

  x x x     x         x x     x   x x   x 

Kinect-Based 
Rehabilitation 

Exercise 
Monitoring and 

Guidance 
System [12] 

  x x x     x         x   x   x   x x   x 

Correcting 
Exercise Form 

Using Body 
Tracking [13] 

x   x x     x         x x   x     x x   x 

Postural 
Evaluation and 

Movement 
Analysis of 

Individuals [14] 

x   x x     x         x x   x     x x   x 

Human 
Movement 

Quantification 
using Kinect for 

In-Home 
Physical 
Exercise 

Monitoring [15] 

x   x x     x         x x     x   x x     

Online-Gym 
[16] 

x   x x     x     x       x   x   x x x   

YouMove [1] x   x x         x     x x     x   x x   x 

Onebody [17] x   x     x       x       x   x x x x x   

                      

Table 1 - Related work overview.
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3. Requirements analysis 

Although there is already some research done on the field of AR and VR applications to the physical 

rehabilitation paradigm, we considered that talking with physical rehabilitation professionals was a good 

starting point to acknowledge their necessities and collect important requisites to the system we were 

trying to build. It is important to underline that we are trying to create a system that can be used in a real 

clinical environment.  

In order to collect these requirements, we partnered up with professionals from Hospital Professor Doutor 

Fernando Fonseca (HFF) and Instituto Superior de Ciências da Saúde Egas Moniz (ISCSEM). There 

were two visits to HFF and on visit from ISCSEM professionals to our laboratories to experience and talk 

about their daily practices while treating patients that suffered a stroke and had their upper limbs mobility 

affected.  

3.1.  Hospital Professor Doutor Fernando Fonseca 

Two meetings were organized at HFF to perform the requirements collection and analysis (Fig. 12). Here, 

beside discussing with several physiotherapists and physical medicine and rehabilitation physicians about 

what their needs were, we had the opportunity to observe how was the treatment process of people who 

had a stroke that cause them problems in moving their upper limbs.  

The first meeting had the purpose of observing their work environment and what were the conventional 

tools they used in the rehabilitation process of people with reduced upper limb mobility. At this time we 

concluded that it was very important for the physiotherapists to have a system that not only allow them to 

have the patients that have cognitive capacities executing the exercises on their own due to their time 

constraints and the setup should be easy and low time consuming. This meeting had the duration of 3 

hours. 

On our second meeting, we already had a first prototype, described in the section 4.4 and discussed in 

the section 4.4.3, so our goal was to present the physiotherapists with the capabilities of the technologies 

we had at our disposal. This meeting had a big relevance in our investigation, because the 

physiotherapists had the opportunity of seeing what data could we collect and examples of visualizations 

to present it. After presenting our prototype and evaluating it with the professionals, they presented five 

exercises to be implemented in our second iteration of the prototype. These included the front arm raise, 

lateral arm raise, hand to the mouth, comb the hair and filling a cup. At this time, we recorded a video of a 

physiotherapist executing all the exercises proposed correctly and the common compensatory 

movements that use to occur while executing each one of the exercises so we could implement their 

detection in our system. Here, the physiotherapists also explained that a compensatory movement is a 

movement that does not follow the right motor pattern to achieve a certain posture. During our 
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conversation, it was possible to define two main compensatory movements that must be detected, the 

shoulder unevenness and trunk tilt. This meeting had the duration of 4 hours.  

The main requirements collected from these meetings were: 

 The system must work when the patients are seated; 

 The system must have a fast and easy setup due to the physiotherapists time constraints; 

 It should be cheap due to budget limitations of public hospitals; 

 It must be possible to know how many repetitions were made and how many of those were 

successful; 

 There must be a report where is registered what and how many compensations the patient has 

done during the exercise execution; 

 The system must not give too much biomechanical data to their time constraints to analyze it; 

 We should avoid infantilize the patients by using childish sounds or graphics; 

 When a compensation is made the patient must start the exercise from the beginning; 

 There should be rest periods; 

 Should be portable so it can be easily moved around inside the hospital. 

 

Fig. 12 - HFF physiotherapist demonstrating a compensatory movement while taking the hand to the mouth. 
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3.2.  Instituto Superior de Ciências da Saúde Egas Moniz 

Besides HFF, there was also a partnership between our project and the ISCSEM (Fig. 13) that resulted in 

on visit of two physiotherapists to our laboratories at Instituto Superior Técnico - TagusPark. In this 

meeting the health professionals were presented with SleeveAR [9], a previous work made by our group 

of investigation that promoted the rehabilitation of the shoulder through the use of markers mocap and 

projections on the floor. After using SleeveAR, the physiotherapists were asked what were the main 

characteristics that our system should have and what could be improved when comparing with SleeveAR 

approach. The meeting had the duration of 2 hours. This conversation led to the collection of multiple 

requirements, like: 

 The system must be very graphically simplistic due to possible cognition constraints of the 

patient; 

 The visualizations should be minimalistic in order to avoid distractions and misleading the patient; 

 It should be possible to detect if the exercise is being executed correctly; 

 The physiotherapists should be able to see the patients’ compensations in real time; 

 The system must avoid the use of wearables because it slows down the setup process and can 

lead to the physiotherapist not using it due the setup overhead. 

 

Fig. 13 - Demonstration of how to execute a front arm raise. 
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4. BROTHERS-IN-ARMS 

After analyzing all the work made previously in using AR and VR in the rehabilitation and fitness 

paradigms and the collected requirements we detected that there were still some missing points in the 

current solutions regarding the information collected and real-world application. While computer-based 

interactive methods have been proposed to help defray person-hour costs, most require expensive 

dedicated hardware, lack good interfaces featuring user-centered biofeedback to better detect 

compensatory movements or assist the collaboration between patients and physiotherapists [22].  

To approach these problems, we propose BROTHERS-IN-ARMS, a biofeedback tool built with 

inexpensive and commercial off-the-shelf hardware to help the demonstration of exercises, physical 

condition evaluation and treatment of patients with reduced mobility on their upper limbs in the 

physiotherapists day-to-day. 

4.1.  Architecture 

In the previous sections we analyzed multiple systems that used different motion tracking systems like 

Vicon, Optitrack and Kinect. As we want to keep the BROTHERS-IN-ARMS’ (Fig. 14) total cost low we 

decided to use Kinect v2 (Kinect One) because, as it was shown in several works, it has the sufficient 

accuracy in the frontal plane to be used in rehabilitation. Beside this, we will be using a PC running 

Windows 10 to run the system and a pair of displays to show the interface. We chose to use displays to 

present the GUI over projecting it into a wall or the body of the user in order to minimize the physical 

space needed to use the system and also because of the cost reduction. 

 

Fig. 14 - BROTHERS-IN-ARMS system architecture. 
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4.2.  Unity application 

To build BROTHERS-IN-ARMS we chose to use Unity3D platform due to due to its extensive list of open-

source code, tutorials, projects and its simple integration with the Kinect v2. Our body recognition and 

composition is based on the official Microsoft example Skeleton Basics written in C#, which later we 

adapted to work in Unity3D. The collected body joints positions are all normalized so there is not a visual 

difference in the limbs size and distance to the camera when tracking distinct bodies with different sizes. 

4.3.  Prototypes 

BROTHERS-IN-ARMS was built using a spiral development methodology, from which resulted the 

development of two prototypes. 

 

Fig. 15 - Spiral development methodology. 

On a biofeedback interface that helps the user to perform some type of physical activity, the visual 

feedback is very important. According to the physiotherapists from ISCSEM that we consulted, an ideal 

visualization comprehends a very minimalistic approach to avoid distractions and misleading the patient 

to the point of affecting the exercise execution performance. So, in an effort to simplify the information 

that is shown to the patient, we split, in both of the prototypes, the app into two interfaces, one for the 

patient and the other one to the physiotherapist. 
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4.4.  First prototype 

This first prototype was intended to present the physiotherapists with the capabilities of the technologies 

we had at our disposal. It consisted on a visual playground with multiple biomechanical representations of 

the upper limbs. During the development of this first iteration we always kept in mind the need of 

minimalistic visualizations that allowed to detect compensatory movements and in what ranges of motions 

they would happen.  

4.4.1.  Physiotherapist’s interface 

In this first prototype (Fig. 16), the physiotherapist’s interface contained a representation of the patient’s 

skeleton and a set of biofeedback portraying important patient kinematic data (e.g., shoulder flexion-

extension and abduction-adduction angles), compensatory movements (e.g., shoulder unevenness) in 

real-time. 

 

Fig. 16 - Physiotherapist's interface in the first prototype. 
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The shoulder flexion-extension and abduction-adduction angles were represented by “scroll bars” (Fig. 

17), one for the vertical (sagittal plane) and the other for the horizontal (transverse plane) angles of the 

arm movement. These bars’ goal was to assess the range of motion of the patient when executing a front 

arm raise and to assess if it was being done correctly. To do so, we colored the bar with red, yellow and 

green, meaning bad, moderate and good ranges, respectively. 

 

Fig. 17 - "Scroll bars" visualization representing arm movement. 

Beside these bars, we created a temporal line chart (Fig. 18), again, to represent the vertical arm 

movement angle, in which the vertical axis represents the vertical angle in a range from 0º to 180º, where 

the 0º represents the hand pointing to the floor and the 180º represents the arm pointing upwards. In this 

timeline the physiotherapist was able to see whenever a compensatory movement occurred due to a 

change of the color line in the moment of the compensation. 

 

Fig. 18 - Timeline representing vertical arm movement. 
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Finally, the physiotherapist was able to observe when there was a shoulder height unevenness through a 

bar positioned over the patient’s skeleton, that changed from green to red whenever there was a 

compensatory movement (Fig. 19). Then the higher shoulder was pointed out by an arrow that would 

indicate how should the patient correct the postural problem. 

 

Fig. 19 - Warning of a compensatory movement. 

4.4.2.  Patient’s interface 

On the other hand, in the patient’s interface the patient was able to observe multiple targets defined by 

the physiotherapist at the beginning of the exercise (Fig. 20). 

 

Fig. 20 - Patient's interface in the first prototype. 
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During the exercise execution, the patient was able to see the current position of his arm and the current 

target that should be hit in order to complete the exercise. Furthermore, the patient was also able to see 

how much time he was into the exercise and the number of repetitions done successfully. 

4.4.3.  Evaluation and results 

After the development of the first prototype, informal evaluations were performed by two physiotherapists 

and three physical medicine and rehabilitation physicians to validate both interfaces. Each participant was 

asked to verify if the proposed interfaces could help analyze or aid the treatment of acute stroke patients 

with physical limitations of the upper limbs. 

In the conducted interviews, all the interviewed participants indicated that distinct interfaces for the 

physiotherapist and patient is a meaningful feature, as the patient interface must be very minimalistic to 

avoid unnecessary distractions, whereas the physiotherapist must contain more data to help the detection 

of postural problems and compensatory movements.  

For the patient interface, it is important to track the successfully completed repetitions, the session time of 

the proposed task and to display a few targets to be reached. As for the targets of the exercise, it was 

suggested to have multiple predefined exercises in order to accelerate the setup process. 

As for the physiotherapist interface visualizing the arm movement angles is not very important because it 

is not a part of their tracking progress protocol when rehabilitating patients with upper limb limitations. 

Hereupon it is more important for the physiotherapist to detect where the compensations occur and 

quantify them in order to track progress between sessions. It was also referred that was needed a way to 

track progress and was suggested to generate a report at the end of each therapy session. 
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4.5.  Operational prototype 

After the demonstration of the first prototype and the informal review by the health professionals we built 

an operational prototype based on their comments and suggestions. This prototype was built regarding 

some of the concepts studied in the previous works presented on the Related work section. We had into 

account that the system must, not only, be repetitive but also it should have an incremental success when 

doing the exercise correctly to promote a link between the correct execution and the success in the task 

proposed, so what we have built promotes the concepts of repetition, feedback and motivation. 

4.5.1.  Physiotherapist’s Interface 

In the physiotherapist’s interface, the user starts by selecting the exercise from a list of predefined 

exercises that the patient should execute (Fig. 21 - a) and which arm is going to be used (Fig. 21 - b). 

Then, the user is presented with a screen with multiple parameters (Fig. 21 - c) that can be set in order to 

customize the exercise to the patient’s current physical condition. Under the customizable parameters the 

user can define the number of repetitions the patient must execute, the duration of a set and the duration 

of the rest period. 

After defining these parameters, the physiotherapist has access to a new screen (Fig. 22 - a) in which is 

observable a humanoid, composed of capsules, that represents the patient’s body position in space and 

its movement. In this screen, the physiotherapist can also define which compensations should the system 

detect, having shoulders height unevenness and spine lateral inclination as options. In this case, there is 

the option to define misalignment thresholds because of what the physiotherapists consider a 

compensation depends of the current physical capacity of the person, which is assessed when the patient 

is diagnosed before the treatment. In order to be possible to fit these thresholds to the patient current 

mobility and to the exercise chosen, it is displayed the exercise path and targets to allow the simulation of 

the exercise execution before starting the session. 
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Fig. 21 – Physiotherapist’s initial screens. (a) Exercise selection screen. (b) Arm selecting screen.  (c) Parameter 

definition screen. 
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In this view the physiotherapist has access to all the information about the current session, in which are 

included: 

 The number of correct repetitions; 

 The number of tries to do the exercise; 

 The time elapsed since the beginning of the session; 

 The time to the next rest period, the average time per repetition; 

 The name of the exercise being executed and the count of compensations grouped in the number 

of times the patient has leaned, lifted the shoulders and was out of the predefined path; 

 The path and targets of the exercise being executed. 

This interface has also the capability of informing the physiotherapist if the patient is doing the exercise 

correctly without any compensation and, if not, either an arrow shows up near to the patient’s body 

representation to indicate where the compensation is occurring and how to correct it or the path turns red 

when the patient’s hand is out of path (Fig. 22 - b). 

 

Fig. 22 - (a) Physiotherapist’s exercise evaluation and demonstration before beginning the treatment session.  

(b) Physiotherapist’s compensatory movement visual feedback. 
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4.5.2.  Patient’s Interface 

On the other hand, in the patient’s interface the user is presented with the exercise chosen by the 

physiotherapist. While executing the exercises in this view, we must ensure that only important 

information is shown in order to prevent distractions that can lead the user to committing errors. 

Before starting the treatment session, the patient is presented with the same representation of its own 

body (Fig. 23 - a), like in the physiotherapist's interface, and the targets and path of the exercise that must 

be executed. At this time the path and targets are only there as demonstration and evaluation steps, so 

the patient is able to simulate the execution of the exercise and the physiotherapist configure the 

compensation thresholds and learn how to execute the exercise properly. 

Then, after the demonstration and evaluation, the physiotherapist starts the session and the user is 

presented with a countdown, so there is time to get into position to start doing the exercise (Fig. 23 - b). 

 

Fig. 23 - (a) Patient’s Exercise demonstration and evaluation screen. (b) Patient’s countdown before starting the 

exercise. 

After this, a series of targets that must be reached by the patient and a path between them is displayed 

(Fig. 24 - a) so the user can execute the exercise motion correctly and keep motivated to continue the 

exercise until the end. We chose to have multiple targets across the path so the exercise is divided in 

several sub goals and the patient is able to have an incremental success in between the start and the end 
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of a repetition [8]. Whenever the system detects a compensation the patient is required to restart the 

exercise in order to avoid creating bad motor patterns. 

Beside this, it is shown information that describe the current state of the exercise, like the total time of the 

session, the remaining time until the next rest period and the number of repetitions that were correctly 

executed. In this interface, there is also audio feedback when a target is hit. Finally, when the patient is 

done with all the repetitions defined by the physiotherapist a message is shown to congratulate the effort 

made (Fig. 24 - b). 

 

Fig. 24 - (a) Patient's exercise execution screen. (b) Patient’s exercise completed screen. 

Regarding the visual feedback for the patient, it is only given when its hand goes out of the path. This was 

a thought-out decision made by the physiotherapists when we asked if the patient should have the 

compensations feedback. The feedback was discarded due to the possible cause of misinterpretations by 

the patients of what they are doing wrong and creating demotivation. In this situation the physiotherapists 

prefer to collaborate with the patient and explain how they can correct their motor pattern. 
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4.5.3.  Compensatory movements detection 

As it was mentioned before, there are three main compensatory movements that are detected by our 

system – shoulders misalignment, trunk tilt and the patient’s hand getting out of the predefined path for 

the exercise. Each detection relies on simple rules that can be applied by analyzing the body’s relative 

position in our biofeedback tool world. For all the coordinate comparisons, we used the global referential 

from Unity3D. 

The criteria used to detect shoulders misalignment relies on comparing both Y coordinates of each 

shoulder position and comparing with a distance that is defined by the threshold defined by the 

physiotherapist. The smaller the distance defined, the more sensitive is the detection of the 

compensation.  

Similar to the shoulders unevenness detection, the trunk tilt detection is based on comparing the X 

coordinates positions of the SPINE_SHOULDER and SPINE_BASE joints [23] (Fig. 25). Like the 

detection of shoulders misalignment, there is a minimal distance defined by the physiotherapist that must 

be satisfied in order to the system consider that a compensatory movement is occurring. We opted for this 

approach because we assume that the patient is always facing the camera. 

 

Fig. 25 - Skeleton built by the Kinect v2 [23]. 
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Finally, the last compensatory movement considered is if the hand is inside of the predefined path of the 

exercise proposed. In order to assess if the movement is being executed in the pretended path, we divide 

the evaluation in two steps – the hand is inside of the path and targets and the flexion of the arm. To 

check if the hand is inside of the path we use a process called Raycasting (Fig. 26). Raycasting is the 

process of shooting an invisible ray from a point, in a specified direction to detect whether any colliders 

lay in the path of the ray [24]. In this case the ray was shoot from the cursor located on the selected hand 

to perform the exercise and the colliders are set in the targets and in the path. Whenever the ray does not 

collide with the targets and the path, it means that the patient is not doing the right path and it is 

considered as a compensatory movement. Regarding the arm flexion, in some movements like the hand 

to the mouth and combing the hair, if the patient wanted to cheat, it was possible to execute the 

movement along the path with the arm extended, which was not pretended. To avoid this situation, we 

added the arm flexion as another criterion. For instance, in the hand to mouth exercise, when the hand of 

the patient passes the second target there should be some flexion at the elbow, so we ensure that the 

hand goes to the mouth instead of being only in front of the patient’s face. 

 

 

 

Fig. 26 - Raycasting - invisible gun shooting an invisible ray to detect collision metaphor [24]. 
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4.5.4.  Report 

As it is very important for the physiotherapists to collect relevant data about the performance of the 

patient in order to assess progression across time during the whole treatment process, a report is 

generated at the end of every exercise session (Table 2). This report contains all the essential information 

suggested by 3 physiotherapists and 2 physical medicine and rehabilitation physicians. 

 

Exercise Arm 
Session 

Time 
Tries 

Correct 
Repetitions 

Average 
Time per 

Repetition 

Rest 
count 

Out of 
path 

Left 
Shoulder 

Up 

Right 
Shoulder 

Up 

Leaned 
Left 

Leaned 
Right 

Front 
raise 

Right 0:36 17 10 0:03 0 0 0 2 5 0 

Front 
raise 

Right 0:19 15 10 0:01 0 0 0 1 4 0 

Front 
raise 

Right 0:14 12 10 0:01 0 0 0 1 1 0 

Front 
raise 

Right 0:12 10 10 0:01 0 0 0 0 0 0 

            

Table 2 - Example of a report produced for multiple front raise exercise sessions. 

 

The report is generated in the CSV format which allows posterior generation of charts that allow to 

visualize the progress in more expressive manners (Fig. 27) (i.e. create a bar chart to compare the 

number of tries and correct repetitions of every session). We chose to use CSV because it can be opened 

with Excel, which was previously used by the physiotherapists to register some data regarding the 

patient. Each exercise is represented by a CSV file and each file contains the following information: 

 Exercise name; 

 Arm used; 

 How long was session; 

 Number of tries; 

 Number of correct repetitions; 

 Average time per repetition; 

 Number of rest periods; 

 Number of times the patient got out of path; 
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 Number of times the patient leaned left or right and lift the right or left shoulders above the 

threshold. 

 

Fig. 27 - Example of a bar chart produced with the report data. 
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5. Evaluation 

Despite already existing some studies related to visual feedback in the physical rehabilitation paradigm, 

we have not found any study that validates the use of biofeedback tools based on mocap at a clinic in a 

real scenario that included daily basis activities like demonstration of the exercise, evaluation of the 

patient’s condition and execution.  

As we wanted to assess the impact of the use of interfaces as visual biofeedback tools to the 

demonstration, physical evaluation, and treatment of patients with reduced mobility on their upper limbs in 

the physiotherapists day-to-day, we conducted all of our tests along with physiotherapists and physical 

medicine and rehabilitation physicians. The full evaluation script can be consulted in Appendix A. 

5.1. Methodology 

Each evaluation session of BROTHERS-IN-ARMS has comprised 5 stages: 

1. Introduction; 

2. Free experimentation; 

3. Task execution; 

4. Questionnaire; 

5. Semi-structured interview. 

5.1.1.  Introduction 

We started our introduction by greeting the participants and telling that the main goal of this work was to 

to study the impact of the use of interfaces as visual biofeedback tools to the physical condition 

evaluation, demonstration of exercises, and treatment of patients with reduced mobility on their upper 

limbs in the physiotherapists day-to-day. Then we underlined that the purpose of the tasks was testing the 

prototype and not the person executing the test in order to avoid creating stress and compromising the 

results. 

5.1.2.  Free experimentation 

In the free experimentation stage, the physiotherapist had the opportunity to explore and familiarize with 

the system. In this phase was important that the physiotherapist understood the meaning of each 

configurable parameter (set time, rest period, etc.) and be informed about the exercises available in 

BROTHERS-IN-ARMS by testing all of them. 
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5.1.3.  Task execution 

After the free experimentation and being familiarized with the prototype and its capabilities we proposed a 

task to the physiotherapist. The task was composed by the following steps: 

1. The physiotherapist choses one exercise to be executed by the patient; 

2. The physiotherapist choses the right arm; 

3. The physiotherapist defines that the patient should execute 10 repetitions, the set should last 20 

seconds and that the duration of a rest period are 10 seconds; 

4. The physiotherapists demonstrate how the patient should execute the exercise; 

5. The patient tries to execute the exercise; 

6. The physiotherapist adjusts the compensatory detection thresholds to the current physical 

condition of the patient; 

7. The physiotherapist starts the session and is absent for 30 seconds; 

8. The physiotherapist returns and identifies how many tries were made, the number of correct 

repetitions, how much time did the session last and what compensatory movements occurred. 

This task was repeated for all of the exercises implemented in BROTHERS-IN-ARMS, which comprised 

two basic exercises, like the front and lateral arm raises, and three functional exercises, like reaching the 

hand to the mouth, to simulate the action of heating, reaching the hand to the top of head, to simulate the 

action of combing hair, and the movement of filling a cup using a water bottle (Fig. 29). During the 

demonstration and execution of the exercise we gave all the freedom to the physiotherapists to explain 

and correct the person (Fig. 28), to simulate a real scenario and test if the system fits in their daily 

practices. Despite the tasks being close to a real case treatment, we had to set a low number of 

repetitions and low set and rest periods due to the professionals’ time constraints to execute our tests. 

 

Fig. 28 - Physiotherapists demonstrating how the exercise should be executed with different approaches. (a) 

Physiotherapist using the mimic approach. (b) Physiotherapist using our system to explain. 
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Fig. 29 - BROTHERS-IN-ARMS exercises. (a) Front raise. (b) Lateral raise. (c) Hand to mouth. (d) Comb hair. (e) Fill 

the cup. 
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5.1.4.  Questionnaire 

At the end of the task execution each participant was asked to fulfil a questionnaire to raise the 

participants profile regarding the age, gender, medical specialty, years of professional experience, how 

often they used Mocap and visual biofeedback systems and if they ever used Mocap systems for the 

patient’s threatment. Beside this demographic data, we also questioned the health professionals about 

their experience using system, both from the physiotherapist’s and the patient’s points of view, by having 

them evaluating a list of statements with a 6-point Likert Scale (6 means that they agree totally). The full 

questionnaire can be consulted in Appendix B. 

5.1.5.  Semi-structured interview 

Finally, after responding to the questionnaire, we conducted an interview with each participant in order to 

assess if these visual biofeedback systems could be used by them in a daily basis and if so, what could 

be improved in their opinion. The interview was already planned and it consisted in the following main 

questions: 

 Do you think that this prototype would be useful to be used in a daily basis for the patient’s 

treatment? If yes, in what situations? 

 Do you consider important to make the treatment more objective and quantifiable? 

 Do you think that the patients would be cognitively capable to use our system? 

 Do the interfaces favor the communication between the physiotherapists and the patients? 

 Do you think that an acute case could get better quickly by using our system? 

 Do you think that the interfaces facilitate the physical condition evaluation, demonstration of the 

exercise and its execution? 

 Do you consider these interfaces to be a complement or an alternative to the conventional clinical 

practices? 

 Should the interfaces be minimalistic? 

 Should the system register in which side the compensation occurred? 

 Being the interfaces based in visual feedback is there any graph missing or be improved? 

 Is the humanoid sufficient to evaluate the cinematic performance instantaneously? 

 Are the graphic elements that represent the compensatory movements (the arrows, colored lines, 

color code, etc.) useful and did they fulfil their purpose? 

 Should the interface present the avatar in other view plans? 

 What functionalities were missing? 

 Is it interesting to have audio feedback? If yes, in what situations? 
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6.  Results 

In this chapter, we present a comprehensive set of results obtained from the questionnaires and its 

analysis, as well all of the feedback collected during the tests and interviews preformed to the health 

professionals and its discussion. 

6.1. Participants profile 

Our prototype evaluation was carried out with 13 health professionals, 6 were men and 7 were women, 3 

with ages comprised between 25 to 35, 8 between 36 and 50 and 2 with more than 50. Among these 4 

were physiotherapists, 6 were physical medicine and rehabilitation physicians and 3 were occupational 

therapists. 8 of the participants had 23 or more years of experience. Only 1 uses Mocap systems once a 

week while 2 uses once a month and 10 never uses. 6 already had experience in using Mocap systems 

to treat the patient’s. In terms of visual biofeedback interfaces, 10 never uses while 1 uses every day and 

2 once a month.  

6.2.  Questionnaire results 

The goal of the presented questionnaire was assessing if the choices we made for our interfaces were 

able to give the physiotherapist and the patient what they need and expect from a visual biofeedback 

system that promotes the upper limb rehabilitation. On the following sections, we analyze the answers 

given by the health professionals to the questions made regarding both the physiotherapist’s and patient’s 

interfaces. 

6.2.1.  Physiotherapist’s interface questions 

Question Median IQR 

1 - Was the prototype easy to use? (Front raise) 5 1.5 

2 - Was the prototype easy to use? (Lateral raise) 5 1.5 

3 - Was the prototype easy to use? (Hand to mouth) 5 1.5 

4 - Was the prototype easy to use? (Comb hair) 5 1.5 

5 - Was the prototype easy to use? (Fill the cup) 5 1.5 

6 - Was easy to define the compensation thresholds? 5 1 

7 - Was easy to know how many repetitions were correctly executed? 5 1.5 

8 - Was easy to know how many tries the patient made? 5 1.5 

9 - Was easy to identify what compensations occured? (Misaligned shoulders) 5 2 

10 - Was easy to identify what compensations occured? (Spine misaligned) 5 1.5 

11 - Was easy to identify what compensations occured? (Out of path) 5 2 

12 - Is the final report useful? 5 2.5 

13 - Do you think that the quantity of the presented information is the ideal? 5 1 

Table 3 – Physiotherapist’s interface questions with median and IQR calculated from the responses. 
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By analyzing the responses given (Table 3 and Table 4), it is possible to conclude that almost every test 

subject thought that the physiotherapist interface was very easy to use and to setup for all the presented 

exercises (IQR = 1.5). Besides this, there was very little difficulty in analyzing the information presented 

on the screen, like the number of repetitions executed correctly, the number of compensations, etc. (IQR 

= 1.5).  Regarding the visualization of the compensations seems to be less consensual and this might be 

because of the expectations they had of what a compensation definition is (IQR = 1.5 and IQR = 2). Like 

some doctors and physiotherapists said, they were expecting the compensations to be presented by the 

form of what muscles were being used to create the wrong motor pattern instead of pointing out that the 

posture was wrong and how should the patient correct it in terms of body position. Then there was also 

some disagreement regarding the usefulness of the final report. According to some physiotherapists it 

would be more useful for them to have some charts generated automatically that could be easier to 

interpret than an CSV. Finally, most of the testers thought that the presented information is sufficient to 

their needs. 

  Question 

User 1 2 3 4 5 6 7 8 9 10 11 12 13 

1 6 6 6 6 6 6 6 6 6 6 6 6 5 

2 5 5 4 4 4 5 4 4 5 5 5 3 4 

3 5 5 4 5 4 6 5 5 6 6 6 5 5 

4 5 5 5 5 5 6 5 6 5 5 5 5 5 

5 5 5 5 5 5 5 5 5 4 4 4 4 5 

6 4 4 2 2 3 3 4 3 3 3 3 3 3 

7 5 5 5 5 5 5 6 5 3 3 3 4 5 

8 5 5 5 5 5 5 5 5 5 5 5 3 5 

9 4 4 4 4 4 4 4 4 5 5 4 3 4 

10 6 6 6 6 6 6 6 6 5 6 6 5 5 

11 6 6 6 6 6 6 6 6 6 6 6 5 5 

12 6 6 5 5 5 5 6 6 6 6 6 6 6 

13 4 4 3 3 3 5 5 5 4 5 5 6 4 

Table 4 - Responses to the physiotherapist’s interface questions. 
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6.2.2.  Patient’s interface questions 

Question Median IQR 

1 - Was the prototype easy to use? 5 1 

2 - Were the targets and paths easy to identify? 5 2 

3 - Do you think that the quantity of the presented information is the 
ideal? 

5 2.5 

4 - Was easy to know how many repetitions were correctly executed? 5 2 

Table 5 – Patient’s interface questions with median and IQR calculated from the responses. 

Despite this evaluation being performed only with health professionals, we considered very important to 

collect their thoughts regarding the patient’s interface due to their direct relation to the patient’s and 

knowledge about their behavior. The analysis made to their answers (Table 5 and Table 6) concludes that 

most of them considered that the prototype was really easy to use in the patient’s perspective (IQR = 1), 

the targets and path of the exercise and the number of repetitions correctly executed were fairly easy to 

identify (IQR = 2). As for the quantity of presented information there was a bigger disagreement (IQR = 

2.5) that can be justified by some test subjects thinking that for some patients would be useful to have 

presented the compensations detection visualizations like the one presented on the physiotherapist 

interface. They think that some people with more cognitive capacity would benefit from having that 

feedback. 

  Question 

User 1 2 3 4 

1 6 6 6 6 

2 5 5 3 4 

3 5 5 5 5 

4 5 5 4 6 

5 6 6 4 4 

6 3 3 3 3 

7 5 4 5 4 

8 5 5 5 5 

9 4 4 3 4 

10 6 6 5 6 

11 6 6 6 6 

12 6 6 6 6 

13 5 4 3 4 

Table 6 - Responses to the patient’s interface questions. 
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6.3.  Interviews and discussion 

While conducting the interviews we tried to understand how would this type of systems would affect, 

either positively and negatively, the physiotherapists daily work. Most of the interviewed agreed that this 

prototype would be very useful in their daily activities to treat not only patients that have reduced mobility 

on their upper limbs caused by a stroke but also every other pathology that compromise the upper 

extremities range of motion (e.g. osteoarticular pathologies). According to the doctors and 

physiotherapists, there is also the possibility for adapting this system to be used at home by patients that 

do not have cognitive problems, which they affirm to be a great part of the population due to the simplicity 

of our system. This suggestion comes from a problem they are facing today, the lack of health 

professionals to rehabilitate the population. Having a system that could be used at home by the patients 

not only would allow the physiotherapists to treat more patients at the same time but also would allow to 

increase the frequency of training of that population, which could result in a faster recovery from the 

injuries. They consider that “homebased exercise will be the future”. Beside this, there was also the 

suggestion to adapt this system to a diagnose scenario to detect torso leaning in patients that suffer from 

Parkinson and even to detect imbalances in healthy people that practice repetitive motor patterns during 

their professional tasks (e.g. dentists, bricklayers, etc.). The physiotherapists also mentioned that this was 

one of the fastest setup they made on a system of this type due to the lack of using wearables and only 

being necessary for the patient to be in front of the camera. 

As engineers, we try to translate everything into tangible metrics so it becomes easier to compare 

anything. Following this premise, we tried to make the treatment more objective and quantifiable by 

detecting and counting the number of compensations, counting the number of correct repetitions, etc. 

This approach was approved by all of the surveyed health professionals, with them affirming that their 

evaluation without this type of systems is very subjective and sometimes this leads to a hard time to 

explain to the patient what is incorrect on their cinematics, mainly on patients that have a wrong 

perception of how their body should be positioned. They also think that this is the only way to 

demonstrate efficacy of their therapeutic methods and publish valid results. 

Being this a system built with the purpose to be used in a real rehabilitation scenario we always kept in 

mind that the system should be the most minimalistic possible, as the test subjects confirmed it should be, 

either due to the time constraints of the physiotherapist or due to the possible cognitive issues that the 

might come with a stroke. After testing our system, the physiotherapists have confirmed that despite the 

system might not be suitable for all the patients due to cognitive issues, there is a big part of the 

population that can enjoy of this new rehabilitation method. 

The communication between the physiotherapist and the patient is one of the main pillars of the 

rehabilitation process and one of our goals was to improve it through the use of our system. All the test 

subjects affirmed that our prototype has the capability of improving the collaboration and communication 
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between the patient and physiotherapist because the visual feedback given is an added value to help 

explain to the patient what is being executed incorrectly and how should it be fixed. 

There are two types of diagnose that are made, the medical diagnoses done by the physical medicine 

(Fig. 30), preformed before starting the rehabilitation, and rehabilitation physicians and the functional 

diagnoses made by the physiotherapists. On one hand, according to the physicians, this type of system 

cannot add or facilitate nothing to their diagnose, so in this case is not very useful. On the other hand, the 

physiotherapists said that they could use this system to detect changes in the patient’s motor patterns. 

 

Fig. 30 - Physical medicine and rehabilitation physician testing our system. 

Despite the physicians and the physiotherapists foreseeing the potential of using these biofeedback tools 

that are emerging, they never consider them as tools that will replace the conventional rehabilitation 

practices but more as a complement that can accelerate the treatment process, at least with the features 

that they have available for now. I think that maybe when we become capable of detecting limbs rotation 

with very little error it will affect their opinion on this matter due to the limitations caused by not having a 

proper rotation detection method. 

Since the beginning of the development, we had always kept in mind that we should follow a minimalistic 

approach in the interface design but we did not know how much simplistic it should be. Regarding the 

patient’s interface, despite most of the surveyed health professionals agreed that had enough information, 

there was a physiotherapist that suggested that there should be an option to allow people with none 

cognitive problems to see their compensations, as this would allow them to understand what they are 

doing wrong and try to counteract the negative feedback by using a trial and error approach. Regarding 

the physiotherapist’s interface, they affirmed that it could be more complex as long as it remains simple to 
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use. For instance, although most of the physiotherapists can predict in which side the compensation will 

occur in a unilateral exercise, there are some patients that might compensate on the opposite side. 

Adding to this, on bilateral movements, it will be much more difficult for them to predict in what side the 

compensation will occur, so it is important to us to add this information to the interface. They also added 

that the data collection should be the most sensitive possible and that the physiotherapist should have the 

option to show/hide all the information available. 

Being the visual feedback one of the main purposes of this biofeedback tool, we wanted to know if the 

presented graphics were enough or if they should be still improved. Most of the professionals thought that 

the humanoid representing the patient’s body, despite it does not represent the limb rotations, was 

sufficient to evaluate instantaneously the patient’s cinematic but it still misses some personalization 

options, like adding the patient’s face to the the avatar’s head. From a medical stand point, the physicians 

affirmed that it makes total sense to add back the old amplitude of movement visual representations that 

we implemented on the first prototype, although it does not serve any purpose while executing exercises, 

it could be useful for the physician to track the progression of the patient during the treatment. As for the 

graphic elements that represent the compensatory movements (arrows, colored lines, etc.) all the 

professionals agreed that were enough to represent what compensation was occurring and how should it 

be corrected. 

Despite the enthusiasm and the happiness demonstrated by all the participants while using our system 

because, in their words, “this was the most sensitive system of this kind” that they ever used, we also 

wanted to know if they felt that we were missing some features. Almost everyone agreed when asked if 

the avatar should be displayed in other planes because, for instance, if we display the avatar in a lateral 

plan (sagittal plane) we could detect more compensations (e.g. torso inclination in this plane). Regarding 

the compensatory movements detection, it was also suggested that we should consider the cephalic tilt in 

exercises like combing the hair or hand to the mouth due to its frequency in these movements. As for 

audio feedback, some suggested that audio feedback would be useful only for people with vision 

problems and it should be used to inform the patient if something is being executed incorrectly and to 

congratulate when the exercise is over. To the rest of the population, audio feedback must be avoided 

because, as the physiotherapists said, “it affects the neurologic structure of the motor pattern learning”. 

This being said, it is important to have some audio feedback but with the possibility of turning it off. 

All the exercises presented were defined as a proof of concept and, as it was depicted by the 

professionals, the amplitudes defined assumed that the patient would achieve a full range of motion in the 

exercise proposed, which most of the times is not what happens in a real scenario. Despite being able to 

adjust the compensation detection threshold (Fig. 31) and they thinking this is very useful in some 

exercises, it is not enough for people who have limitations. Hereupon they suggested that the 

physiotherapists should have de possibility to define the placement of the targets so it could be adapted 

to the current physical condition of the patient. Finally, they underlined the importance of our system 
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being able to work when people were holding objects like bottles and cups (Fig. 32) in the fill the cup 

exercise and to do the exercise while sitting. 

At the end of the interviews several physiotherapists shown interest in keeping the system in their clinics 

so they could test it with their patients and two of them even mentioned that “the project is following a 

good path of development in order to achieve a final product with a great potential to be used in our 

work”. 

 

Fig. 31 - Physiotherapist adjusting the compensation thresholds. 

 

Fig. 32 - Patient holding a cup while executing hand to the mouth exercise.  
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7. Conclusions 

In this document, we address the impact of the use of interfaces as visual biofeedback tools to the 

demonstration of exercises, physical condition evaluation and treatment of patients with reduced mobility 

on their upper limbs in the physiotherapists day-to-day. 

There are already some systems that try to make the rehabilitation process more objective and 

quantifiable but they still have some challenges to address. This type of systems still arises technical and 

scientific problems. Among the technical problems, we have the total cost of the systems being far from 

low and tracking the body motion accurately without using any wearables that interfere with the natural 

human movement. In a scientific perspective, we have problems like the usage of segment orientation to 

find if the user is doing compensatory movements during the exercise execution, and improving the 

collaboration and communication between the physiotherapist and the patient by using interactive and 

intuitive graphical interfaces. We consider that a compensatory movement is a movement that does not 

follow the right motor pattern to achieve a certain posture. Besides this, we have not found any relevant 

study that was totally conducted along with health professionals, like physiotherapists and physicians, 

that confirmed that these systems could be used in a real rehabilitation scenario. 

To solve the stated problems, we proposed BROTHERS-IN-ARMS, a biofeedback tool built with 

inexpensive and commercial off-the-shelf hardware to help the demonstration of exercises, physical 

condition evaluation and treatment of patients with reduced mobility on their upper limbs in the 

physiotherapists day-to-day. 

We conducted an evaluation with both physiotherapists and physical medicine and rehabilitation 

physicians in order to prove if this biofeedback tool could be used by them in a daily basis to treat patients 

with upper limb movement limitations. The tests concluded that despite the system is still missing some 

key points that would make it full usable in a real treatment, like allowing the physiotherapist to define by 

its own the targets, all the professionals demonstrated receptivity in incorporating this system as a 

complement to their treatments, to the point that several physiotherapists asked if we could leave the 

prototype running in their clinic. It was referred that this could help accelerating the treatment process, 

due to the short setup time and creating some independency in patients that have cognitive capacities to 

execute the exercises by themselves and that this is a precursor to homebased rehabilitation, which can 

lead to more frequency in exercise execution and consequently to a faster recovery. As so, it is possible 

to assume that we are making the right decisions in creating this type of biofeedback tools adapted to the 

physical rehabilitation process. The future passes by turning the rehabilitation process more objective and 

quantifiable and this can be achieved by systems like the one we present in this work. 
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7.1.  Future work 

As it was said before, there is still some room to improvement in order to create a solution that is 

completely suitable to be used in a real rehabilitation scenario. There are adjustments that can be done 

regarding the exercise definition, the compensations considered, the avatar used and the information 

presented to the physiotherapist. 

We predefined five exercises as a proof of concept to our system. Having proved that it has a lot of 

potential to be used by the physiotherapists, the need of defining new exercises arises. With this being 

said, it is very important to add the functionality for the physiotherapists add new exercises when they 

want and need. This is very important to add new motor patterns to our system and to create paths that 

suits the capacities of people with range of motion restrictions. 

Regarding the compensations there are also some improvements that can be made. As it was referred by 

the physiotherapists, it is important to consider more compensatory movements like the cephalic tilt in 

movements like the hand to the mouth or combing the hair and also consider compensations that occur 

other planes, like leaning the trunk forward or backward. Adding to this, there is still the problem of 

detecting the limbs rotation, which is very important to detect compensations that occur mainly on the 

shoulder (internal and external rotations). 

As for the representation of the patient’s body, despite the health professionals thinking that the avatar is 

a good way to observe the cinematic of the patient, it still needs to have a way to personalize it more so 

the patient can relate to it and create a connection to the system. 

Finally, although we present already some information on the physiotherapist and patient interface there 

are more data that can be shown. On the physiotherapist’s interface should be added in which side the 

compensations occur, mainly on exercises in which the prediction of the compensatory movement side is 

harder (e.g. bilateral movements). On the patient’s interface should be added the option to show or not 

the compensatory movements feedback, accordingly to the physiotherapist diagnose on their cognitive 

capacity.  
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Appendixes 

1. Appendix A – Evaluation script 

Objectivo 

Avaliar o impacto de interfaces como ferramentas de biofeedback visual para demonstração, avaliação e 

tratamento de doentes com mobilidade reduzida nos membros superiores no dia-a-dia os fisioterapeutas. 

 

Cenários 

 Interface de Demonstração [Fisioterapeuta analisa ambas as Interfaces PT e D enquanto o 

doente se habitua] (pré-exercício) - O doente não sabe fazer o exercício e o fisioterapeuta está 

ao seu lado a demonstrar como se faz; 

 Interface de Avaliação [Fisioterapeuta interage e analisa a Interface PT] (pré-exercício) - O 

doente já sabe como é que deve executar o exercício e tenta executá-lo de forma que o 

fisioterapeuta avalie a sua condição física; 

 Interface de Execução [Fisioterapeuta analisa ambas as Interfaces PT e D enquanto o doente 

executa o exercício] (exercício) - O doente já sabe como executar o exercício e o fisioterapeuta 

deixa-o por momentos sozinho durante a execução. 

 

Guião 

1. Cumprimentos e introdução; 

2. Explicar os objectivos do trabalho; 

3. Explicar que se vai testar o protótipo e não a pessoa; 

4. Explicar a metodologia; 

5. Pedir o consentimento para tirar fotografias durante o teste e gravar o áudio da entrevista; 

6. Explicar para que servem as fotografias e a gravação do áudio da entrevista; 

a. Exploração livre do protótipo [2 min. max]; 

b. Realização das tarefas (5x) [2 min. max]]; 

c. Demonstração do exercício - Cenário 1 

7. Avaliação da Interface de Avaliação- Cenário 2 
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8. Avaliação da Interface de Execução - Cenário 3 

9. Preenchimento do questionário; 

10. Iniciar a gravação áudio e começar a entrevista semiestruturada; 

11. Agradecer a participação. 

 

Tarefas 

(Cenário 1) 

1. O terapeuta escolhe um exercício para o doente fazer; 

2. O terapeuta escolhe o braço direito para o doente executar o exercício; 

3. O terapeuta define que o doente deve executar 10 repetições, que a duração da série são 20 

segundos e que a duração de uma pausa são 10 segundos; 

4. O terapeuta demonstra como é que o doente deve executar o exercício. 

(Cenário 2) 

5. O doente tenta executar o exercício; 

6. O terapeuta ajusta os thresholds de detecção de movimentos compensatórios à condição física 

do paciente; 

(Cenário 3) 

7. O terapeuta dá início ao exercício e ausenta-se por 30 segundos; 

8. O terapeuta retorna e identifica quantas tentativas houve, repetições foram feitas com sucesso, o 

tempo decorrido e se existiram movimentos compensatórios e, casos existam, quais foram. 

 

Condições Físicas do Ambiente/Sala 

É necessário haver um espaço com cerca de 1,5m em frente ao Kinect. 
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Funcionalidades 

 Escolher o exercício a executar; 

 Escolher o braço a utilizar para a execução do exercício; 

 Definir número máximo de repetições; 

 Definir tempo de uma série; 

 Definir tempo de descanso entre séries; 

 Definir a sensibilidade para a detecção de movimentos compensatórios; 

 Detecção em tempo real de movimentos compensatórios; 

 Contagem das tentativas de execução de uma repetição; 

 Contagem das repetições efectuadas correctamente; 

 Contagem de movimentos compensatórios; 

 

Métricas 

1. Preferências de Utilizador 

a. Questionário com Likert Scale (1-6) 

b. Entrevista semi-estruturada 

 

Metodologia 

1. Introdução (2m) 

2. Exploração livre do protótipo (2m) 

3. Realização de tarefas (12m) 

4. Questionário (4m) 

5. Entrevista Semiestruturada (10m) 
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Entrevista Semi‐Estruturada 

1. Acha que este protótipo teria utilidade para ser usado no dia-a-dia no tratamento de doentes? Se 

sim, em que situações? 

2. Considera importante tornar o tratamento mais objectivo e quantificável? 

3. Acha que os doentes seriam capazes de se adaptar cognitivamente ao nosso sistema?  

4. As interface favorecem a comunicação entre os doentes e fisioterapeutas (e.g. para Avaliação, 

Demonstração e Execução do Exercício)? 

5. Acha que um doente melhoraria mais rapidamente com o nosso sistema (casos agudos por 

causa do tempo)? 

6. As interfaces facilitam o diagnóstico por parte do terapeuta para Avaliação, Demonstração e 

Execução do Exercício? 

7. Considera as interfaces como um complemento ou alternativa às práticas clínicas convencionais 

para Avaliação, Demonstração e Execução do Exercício? 

8. Interessa que as interfaces sejam minimalistas para Avaliação, Demonstração e Execução do 

Exercício? 

9. Seria interessante que sistema registasse em que lado ocorreu a compensação? 

10. Sendo as interfaces baseadas em “visual feedback” existe algum grafismo em falta? ou algum 

que pudesse ser melhorado?  

11. A abstracção da figura humana é suficiente para avaliar instantaneamente a performance 

cinemática? 

12. Os elementos gráficos que denotam os movimentos compensatórios (setas, linhas coloridas, 

código de cores usados, etc) foram úteis e desempenharam a sua função? 

13. Seria útil ver o avatar em simultâneo noutros planos?  

14. Que funcionalidades sentiu falta? 

15. É interessante ter audio feedback? Se sim, em que situações? 
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2. Appendix B - Questionnaire 
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