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ABSTRACT
Introduction: As the World Health Organization declared the novel coronavirus as a pandemic in March 

2020, physical therapy is more difficult to execute, and social distancing is mandatory in the healthcare 
sector. Objective: In physical therapy, an online video analysis software that provides real-time graphic and 
numerical information about the patient’s movement executions without direct personal contact would 
mean a significant improvement in eHealth treatment. Methods: We have developed a software layer on top 
of OpenPose human body position estimation software that can extract the time series of angles of arbitrary 
body parts using the output coordinates from OpenPose processing the data recorded by two cameras 
simultaneously. To validate the procedure of determining the joint angles using the Openpose software we 
have used the Kinovea software. Results: The comparison of the determined maximal knee angle in our and 
the Kinovea software, which is widely used in biomechanical measurements, was not significantly different 
(2.03±1.06°, p<0.05) Conclusion: This indicates, that the developed software can calculate the appropriate 
joint angles with the accuracy that physiotherapy treatments require. As, to our knowledge no such software 
yet exists, with the help of this software development, therapists could control and correct the exercises in 
real-time, and also from a distance, and physical therapy effectiveness could be increased. Level of Evidence II; 
Experimental, comparative. 

Keywords: Artificial Intelligence; Computational Neural Networks; eHealth; Physical and Rehabilitation Medi-
cine; Social Distancing.

RESUMO
Introdução: Como a Organização Mundial da Saúde declarou o novo coronavírus como pandemia em março 

de 2020, a fisioterapia é mais difícil de executar, o distanciamento social é obrigatório no setor de saúde. Objetivo: 
Na prática da fisioterapia, um software de análise de vídeo online que fornece informações gráficas e numéricas 
em tempo real sobre as execuções de movimento do paciente sem contato pessoal direto significaria uma melhora 
significativa no tratamento eHealth. Métodos: Desenvolveu-se uma camada de software em cima do software 
de estimativa de posição do corpo humano OpenPose que pode extrair as séries temporais de ângulos de partes 
do corpo arbitrárias usando as coordenadas de saída do OpenPose processando os dados gravados por duas 
câmeras simultaneamente. Para validar o procedimento de determinação dos ângulos articulares utilizando 
o software Openpose utilizou-se o software Kinovea. Resultados: A comparação do ângulo máximo do joelho 
determinado em nosso e no software Kinovea, amplamente utilizado em medidas biomecânicas, não foi signifi-
cativamente diferente (2,03±1,06°, p<0,05) Conclusão: Isso indica que o software desenvolvido pode calcular os 
ângulos articulares adequados com a precisão que os tratamentos de fisioterapia exigem. Como esse software 
ainda não existe, com a ajuda do desenvolvimento desse software, os terapeutas puderam controlar e corrigir os 
exercícios em tempo real, e também à distância, aumentando a eficácia da fisioterapia. Nível de Evidência II; 
Experimental, comparativo.

Descritores: Inteligência Artificial; Redes Neurais Computacionais; eSaúde; Medicina Física e Reabilitação; Distan-
ciamento Social.

RESUMEN 
Introducción: Como la Organización Mundial de la Salud declaró el nuevo coronavirus como una pandemia en 

marzo de 2020, la fisioterapia es más difícil de ejecutar, el distanciamiento social es obligatorio en el sector de la salud. 
Objetivo: En la práctica de fisioterapia un software de análisis de vídeo online que proporcione información gráfica y 
numérica en tiempo real sobre las ejecuciones de movimiento del paciente sin contacto personal directo supondría 
una mejora significativa en el tratamiento de la eSalud. Métodos: Fue desarrollado una capa de software sobre el 
software de estimación de posición del cuerpo humano OpenPose que puede extraer la serie temporal de ángulos de 
partes arbitrarias del cuerpo utilizando las coordenadas de salida de OpenPose procesando los datos registrados por 
dos cámaras simultáneamente. Para validar el procedimiento de determinación de los ángulos articulares mediante 
el software Openpose fue utilizado el software Kinovea. Resultados: La comparación del ángulo máximo de rodilla 
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determinado en nuestro software y Kinovea, que es ampliamente utilizado en mediciones biomecánicas, no fue significativamente diferente 
(2,03±1,06°, p<0,05) Conclusión: Esto indica que el software desarrollado puede calcular los ángulos articulares adecuados con la precisión 
que requieren los tratamientos de fisioterapia. Dado que aún no existe dicho software, con la ayuda de este desarrollo de software, los te-
rapeutas podrían controlar y corregir los ejercicios en tiempo real, y también a distancia, y se podría aumentar la eficacia de la fisioterapia. 
Nivel de Evidencia II; Experimental, comparativo.

Descriptores: Inteligencia Artificial; Redes Neuronales Computacionales; eSalud; Medicina Física y Rehabilitación; Distanciamiento social.

INTRODUCTION
The World Health Organization declared the novel coronavirus, which 

came from Wuhan, China to a pandemic on the 11th of March, 2020 
and the disease is still spreading.1 The COVID-19 pandemic situation pro-
voked significant changes in every sector of society, including the health 
sector. For the healthcare sector, the situation is challenging, although, 
the relationship between patients and healthcare professionals was 
already changing before the pandemic. For the last three decades, direct 
personal contact was predominantly between an active decision-maker 
(doctor) and a passive follower (patient). This paternalistic approach was 
turned into a guidance-co-operation model first and through the years 
to a patient-centered model. The increase of internet usage was one 
of the factors that affected this change.2 The role of self-care and active 
participation of patients in their rehabilitation process is increasing and 
mutual patient-doctor cooperation, simpler but direct communication 
and complex approach characterize healthcare in the digitalized world. 
Alternative solutions must be found for a new type, doctor-patient 
distance-based care since the number of personal contacts has reduced 
dramatically as a result of the COVID-19-induced social distancing norm. 
Moreover, prior to the novel coronavirus, other viruses had already been 
threatened by pandemic: SARS, H1N1, Influenza A, MERS, etc. It illustrates 
that there will be more and more diseases that physiotherapists and 
healthcare professionals need to adapt to.3 Consequently, the imple-
mentation of home rehabilitation and specifically telehealth methods 
have become essential for the continuity of rehabilitation programs, 
especially in case of patients with outpatient rehabilitation needs.4 As 
using telehealth is not a new approach in healthcare,5 either the idea 
of using it in physiotherapy.6 Unlocking the potential of recent innova-
tions, such as health apps for smartphones, laptops, iPads, etc., patient 
healthcare, healthy lifestyle, and physical activity is broadly supported.7,8

Nowadays rehabilitation therapists can use several types of move-
ment analyzing equipment and techniques for measuring the patients’ 
conditions, such as goniometer, dynamometer, EMG, gait analysis systems, 
stabilometry devices, force plate, etc. Various motion capture based sys-
tems are being used mostly in sports, as video analysis technology with 
reflective markers (Vicon, Qualisys, etc), which provide continuous data 
about the individuals’ vital kinematic and kinetic parameters: movement, 
speed, velocity, acceleration, force, power.9 Currently, the markerless 
motion capture analysis systems represent a separate category amon-
gst the movement analysis devices. Its advantages include that the 
measurement preparation time is minimal, the systems can be used at 
home, do not impede the movement, and are almost as accurate as if 
the motion capture has been done with the usage of markers.10 Probably 
the best-known is the Microsoft Kinect, which was created primarily as 
a video game. It includes a video camera, depth sensor, and multi-array 
microphone which sensors intended to classify different body motions.11 
Severe authors claim that Kinect is useful with or without other techno-
logies for remote musculoskeletal physiotherapy. For example, the Kinect 
sensor with an armband, inserted with IMU chip, which can calculate 
geo force can provide precise scanning of the patient’s activities during 

musculoskeletal physiotherapy sessions.12 The Kinect as a rehabilitation 
tool was tested with positive outcomes among Parkinson’s disease pa-
tients.13  metachromatic leukodystrophy (MLD) patients;14 cerebral palsy 
(CP) patients;15 stroke patients;16 and in case of specific training such as 
balance training17 and upper limb rehabilitation training what includes 
hand and finger movements.18 Furthermore, the Kinect may be able to 
prevent musculoskeletal injuries by performing ergonomic assessments 
in the workplace.19 Another widely known motion analysis system is 
called Kinovea. It was created specifically to analyze sports motions,20 
but is an undoubtfully useful tool for rehabilitation purposes too, for 
example, gait analysis,21 measuring the kinematics of the wrist joint22 or 
analyzing the range of motion of the cervical spine in the sagittal plane.23 

Recently using Artificial Intelligence (AI) is one of the most researched 
field within health-related motion analysis technologies. One form of 
AI is called Machine Learning (ML) where algorithms make predictions 
to interpret data and “learn” without static program instructions.24 It is 
evident, that AI has several advances and opportunities: time and cost-
-effective, and with machine learning (ML) diagnostics, decision-making, 
and measurement become simpler which can result in better patient 
care. The use of ML for medical imaging, pain phenotype prediction, 
wearable technology, risk prediction, and decision support in muscu-
loskeletal diseases and conditions can be more efficacy.25 

OpenPose could be identified as the next generation of the existing 
markerless motion analysis tools for musculoskeletal rehabilitation as it is 
using AI. OpenPose is a state-of-the-art real-time free academic license 
pose estimation software based on Convolutional Neural Networks (CNNs) 
that can localize anatomical key points on humans. It was developed 
by researchers at Carnegie Mellon University, who collected massive 
amounts of data of people in various postures using their Panoptic Stu-
dio.26 In the scientific literature, the accuracy of the OpenPose software 
was pre-validated and proved useful for gait analysis.27

Our goal was to create and test a new solution for musculoskeletal 
physiotherapy based on the OpenPose software that can reform remote 
rehabilitation. In our opinion, an affordable online video analysis system 
that consists of commodity components provides real-time graphic and 
numerical information about the patient’s movements without direct 
therapist-patient contact during the rehabilitation process would be highly 
beneficial in general and in special situations, like COVID-19 pandemic. 

MATERIALS AND METHODS
Code availability

We built our own executable server in phyton programming language 
from the source code of the OpenPose (github.com/openpose) that is 
running our local computer. Through the Application Programming 
Interface (API) of this server, we are able to obtain the detected coor-
dinates of the joints. It works that our software is calling the OpenPose 
server in real-time with the camera images and then it calculates the 
selected angles from the returned values. The approval number of the 
ethics committee protocol: TE-KEB/07/2023.
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The model is implemented in the OpenPose computer program 
(but can be wrapped on any other commercially available software, 
that works the same way as Openpose), which takes a color image or a 
video stream input and produces, as the output, the following key points 
of the human body: Nose, Neck; Right side: Shoulder, Elbow, Wrist, Hip, 
Knee, Ankle, Eye, Ear, Big Toe, Heel, Small Toe; Mid Hip; Left side: Shoulder, 
Elbow, Wrist, Hip, Knee, Ankle, Eye, Ear, Big Toe, Heel, Small Toe (for further 
information about code and keypoint tracking: github.com/openpose). 
Although OpenPose can determine the location of these key points, in 
order to determine whether the patient follows the prescribed exercises 
correctly, we have developed a software layer on top of OpenPose that 
can extract the time series of angles of arbitrary body parts using the 
output coordinates from OpenPose. We have used Python language 
(www.python.org) to generate a basic code to determine the joint an-
gles based on the coordinates acquired from the Openpose layer that is 
being applied on our squat movement recording. To obtain the required 
joint angle, basic trigonometrical calculations were used. As Openpose 
determined the relative xi,yi coordinates for the needed A, B, and C joint 
point positions (Figure 1) we have calculated tgαAB=(YA-YB)/(XA-XB) and 
tgαCB=(YC-YB)/(XC-XB) for each individual frame respectively. Thereafter 
αAB+αCB was calculated and visualized on the screen quantitatively as 
the definite joint angle of the knee for every frame. 

One definite problem of cheap or free movement analysis systems is 
the usage of only one camera. Consequently, the information available 
about the individual’s movement can only process information acquired 
from one plane of the movement. There are 3D movement analysis sys-
tems like VICON, Qualysis etc. but these systems are very expensive, the 
attachment of markers is required on the individual, backup technicians 
are also required, and they are not intended for home use. To address 
the constraints of 2D camera images we have developed the system to 
simultaneously process data provided by two cameras, consequently 

although the system only uses 2D visual images, the observation of the 
patient’s movement can be achieved for the frontal and sagittal plane 
independently. (Figure 2) As the procedure is susceptive to adequate 
body positioning, as a joint positive-negative sign of the coordinate 
subtraction may lead to faulty results, the execution of the squat must 
be performed that the participant turns with his/her left side to the 
camera while executing the squat in the sagittal plane for one camera 
and in the frontal plane for the other. 

Validation
To validate the procedure of determining the knee joint angle using 

the Openpose software we have used the Kinovea software, as that is 
widely accepted in the field of rehabilitation and human movement 
analysis.28 Three of our co-authors have executed 10-10, altogether 30 
squats, that were recorded by our camera. Thereafter we have determined 
the knee angles for the deepest body position and maximal knee flexion 
for each squat with the OpenPose and also with the Kinovea software 
(Figure 3). For the appropriate validation protocol of the Openpose 
procedure, we have subtracted the matching pairs of the two datasets 
and thereafter we have executed a single sample one-way t-test calcu-
lation (StatSoft Statistica 12) with the target value of zero (based on the 
Altman-Bland validation procedure) to determine whether the deviation 
from zero for the differences of the two procedures determining the 
knee angles is significant. 

RESULTS
Our results indicate that there was no significant statistical diffe-

rence in the substracted Openpose-Kinovea knee joint angle values 
(Ave=0.33±2.29°) from the zero target value after performing a single sam-
ple one-way t-test (p<0.05), indicating that the procedure of determining 

Figure 1. Representation of knee joint angle using Openpose relative xi,yi coordinates 
for the A, B, C keypoints as hip, knee, ankle joint anatomical locations respectively.

Figure 3. Representative picture indicating knee angle as being determined for the 
identical frame with Openpose (left) and Kinovea (right) for later comparison and 
validation of procedure based on Openpose to calculate joint angles.

Figure 2. Representative picture showing the running software. The software was developed to process data provided by two cameras simultaneously, consequently although 
the system only uses 2D visual images, the observation of the patient’s movement can be achieved for the frontal and the sagittal plane independently. 

B (XB, YB)

A (XA, YA)

C (XC, YC)

αAB

αCB
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the knee angles using OpenPose software is not significantly different 
from the determined knee joint angles using Kinovea and therefore these 
knee angles should be accepted. Although the comparison indicated, 
that there was no significant difference in the Openpose and Kinovea 
data, we have calculated the absolute differences: 2.03±1.06° and the 
percentages in differences between the data pairs: 2.28±1.18%.

Limitations: We are aware that to more thoroughly validate the 
procedure of using OpenPose for the determination of human joint 
angles, more complex validating protocols should be executed using 
various widely accepted movement analysis systems.

DISCUSSION
As healthcare has been restructured because of COVID-19, patient direct 

contact meetings with health professionals have been radically reduced 
to delay and decrease the spread of the virus. This is the perfect time to 
exploit the opportunities offered by online technological developments that 
could increase the efficiency of healthcare, as the number of active internet 
users at present are more than 4.6 billion (59.5% of the global population) 
in the world that includes the number of active mobile internet users, 

what is 4.32 billion.29 For retaining physical therapy sessions, solutions with 
online video connection could be a solution in the future as we know that 
continuous visual feedback concerning the execution of the movement is 
essential for patients in physiotherapy.30 Numerous previous research deals 
with the technological assistance of medicine.14-18,22,23 One such area is the 
potential use of artificial intelligence and machine learning for posture de-
tection and assessment of patients with musculoskeletal conditions.24 Our 
OpenPose-based software and camera system enables a remote treatment 
opportunity that gives not only real-time visual but also accurate numerical 
feedback on the actual body position of the patient using the benefits 
provided by AI technology and ML. According to our result, there was 
no significant statistical difference in the substracted Openpose-Kinovea 
knee joint angle values during the squat, which means that the software is 
capable of providing accurate numerical data of the movement. Moreover, 
the proposed system uses affordable, easily accessible components and its 
application fully complies with the current social distancing regulations. 
With the processing of two independent camera images simultaneously 

recording the movement of the participant in the frontal and the sagittal 
plane we could partially address the constraints of currently available free 
or cheap systems using one camera image. We believe that during the 
rehabilitation process, our OpenPose-based software can be used in at 
least two different ways. First, rehabilitation experts can get real-time video 
feedback on how their patients carry out the exercise tasks at home and 
correct, teach, and encourage them to achieve the most positive results. 
The second possible application is to easily and accurately measure the 
quantitative progress of the rehabilitation treatment by comparing the 
range of motion data on the sequentially recorded videos. Therefore, the 
longitudinal supervision of the patients’ rehabilitation program can be 
executed from a distance, based on the measured data. And although 
more thorough and precise validation procedures should be executed 
for the approval of the procedure, the deviation in our validation protocol 
between the Kinovea and OpenPose in the field of physiotherapy can be 
considered minimal.  

CONCLUSIONS
To summarize our paper, in special cases, like the COVID-19 pan-

demic, it would be highly beneficial if we could combine the needs of 
society and the easy usability of accessible technology. Based on our 
research, we can conclude that our supplemented software has several 
advantages compared with currently used musculoskeletal rehabilitation 
supporting systems: it is fast and easy to use, can be used without doctor/
physiotherapist-patient direct personal contact, and is much cheaper, 
than other high-quality movement analysis systems. We believe that as, 
to our knowledge no such software that uses real-time data and also 
processes two independent camera images simultaneously yet exists, by 
exploiting the advantages of the presented technology, physiotherapy 
effectiveness could be increased, and remote treatment services will be 
more widely available in the future, even after COVID-19 passes.
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