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A B S T R A C T  

Human movement analysis takes on great importance in the field of research related to artificial 

intelligence because it is used in many applications such as sports and rehabilitation. 

Human action analysis may be accomplished by anticipating the body's essential posture. The two 

most important parts of video-based human action analysis are recognizing actions and following the 

body. In this research paper, we present an effective model for tracking some human range of motion 

using artificial intelligence technology. A web application was developed to track the patient's 

rehabilitation progress at a distance. 
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1 Introduction 

Human activity recognition, crucial in computer vision, aids in body tracking and injury prevention during 

physical exercise [1]. Telerehabilitation, particularly relevant in the era of COVID-19, offers cost-effective 

convenience. It is valuable for athletes, patients recovering from injuries or surgeries, and those with 

postural issues [2]- [8]. Traditional goniometers and inclinometers have limitations, with digital 

inclinometers being costlier. Inertial measurement units (IMUs), leveraging micro-electromechanical 

systems, provide remote tracking for rehabilitation and motion analysis, showing promise in accurately 

measuring joint angles [9]- [11]. While Kinect V1 and V2 have been used in telemedicine, they have accuracy 

and cost issues, especially for lower limb activities [12]- [14]. Developing cost-effective remote monitoring 

for physiotherapists is crucial [15]. Our aim is to employ cost-effective, cutting-edge technology for 

widespread use, focusing on pose estimation to measure limb joint motion in telerehabilitation. 

The article is structured as follows: Section 2 covers body tracking in telerehabilitation, including movement 

analysis. Section 3 details ROM measurement methods with knee flexion/extension data from 25 

volunteers. Section 4 assesses MediaPipe's reliability for knee motion. Section 5 focuses on patient 

validation, and Section 6 concludes. 

2 Human Movement and Body Tracking 

ML frameworks (Tflite, OpenPose, Pifpaf, Tfjs, BlazePose) improved fitness data [16]. A web app tracked 

patient rehab with Popper, Bootstrap, and JQuery. We assess pose detection for rehab movements in 

different camera positions. Position choice in front of the camera is vital for data accuracy. Avoiding 

obstructions is advised to prevent data fluctuations. 

3 Methods and Data of measuring knee flexion/extension 

25 participants aged 21-40 participated in a study at Skikda University. MediaPipe and a goniometer were 

used to measure four motions with three repetitions to assess reliability. The goniometer was employed 

once by the physiotherapist. Table 1 presents the statistical data for knee flexion/extension, which were 

collected using a universal Goniometer and MediaPipe. 
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Table 1: Data of knee flexion/extension obtained using universal Goniometer and MediaPipe 

Movement Meth Mean SE Mean StDev Min Med Max 

Flexion Go 20.40° 0.16° 0.81° 19° 21° 22° 

Med 20.00° 0.17° 0.86° 19° 20° 22° 

Extension  Go 179.20° 0.18° 0.91° 178° 180° 180° 

Med 179.08° 0.18° 0.90° 177° 179° 180° 

Table 2 shows excellent MediaPipe reliability (ICC: 0.81-1.0) for knee flexion and extension. Bland-Altman 

analysis [17] evaluated MediaPipe's validity against the goniometer. 

Table 2: Reliability results of the MediaPipe based measurement system for knee movements 

 
ICC StDev SEM MDC 

Flexion 0.92 0.81° 0.23° 0.63° 

Extension 0.87 0.91° 0.33° 0.91° 

A 95% limit of agreement (LOA) amidst MediaPipe-based measurement and the universal goniometer is 

calculated: 

As indicated in [18], the table 3, the MediaPipe is valid for using to measure the knee flexion extension in 

the telerehabilitation platform. 

Table 3: Bland–Altman analysis results of knee flexion/extension data acquired using goniometer and 

MediaPipe 

 
Goniometer vs MediaPipe 

ROM Mean bias 95% LOA 

Flexion 0.40° -0.98° to 1.78° 

Extension 0.20° -0.60° to 1.00° 

4 Patients experimental validation 

Three knee patients were studied, as shown in Table 4. Patient 1 reached 130° flexion, while Patients 2 and 

3 achieved 125° and 142°, respectively. Patient 1 showed limited progress. Patient 2 and 3 improved from 

week 3. In week 6, all patients had slight gains. MediaPipe is effective for range of motion measurement 

and telerehabilitation. 

Table 4: Data of range of motion in four records in four months 

 
Data 1 Data 2 Data 3 Data 4 Data 5 Data 6 

Patient 1 130.00° 102.32° 95.86° 66.60° 67.83° 60.83° 

Patient 2 125.49° 95.08° 59.52° 56.10° 46.62° 40.00° 

Patient 3 142.26° 143.36° 88.60° 54.57° 42.93° 37.00° 

5 Conclusion 

A physiotherapist used clinical goniometer measurements, and participants' results were within normal 

averages. IBM SPSS Statistics version 26 was employed for statistical analysis. MediaPipe's reliability, 

assessed through the intraclass correlation coefficient (ICC), showed excellent results for knee flexion and 

extension (ICC values between 0.81 and 1.0). Validity of MediaPipe was evaluated using Bland-Altman 

analysis, including limits of agreement (LOA) and mean bias measurements, when compared to the 

goniometer. Our future project will develop a website and test and study the technique with different 

movements [19], [20]. 
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