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Abstract 
New surgical techniques, such as robotics and augmented reality, promise to increase 

the quality and reduce the variability of the surgical procedure. But the effect of these 
new developments could be altered by the variability of the post operative care. 
Rehabilitation following total knee replacement (TKA) traditionally involves in-person 
therapy, presenting challenges in terms of protocol adherence, reproducibility, and cost. 
Digital rehabilitation holds promise in addressing these issues, but existing systems often 
lack personalization, neglecting factors such as patient pain, participation, and recovery 
speed. Moreover, most digital platforms lack essential human support. 

This study aimed to explore the engagement, safety, and clinical effectiveness of a 
personalized and adaptive app-based human-supported digital monitoring and 
rehabilitation program. Conducted as a prospective multi-center longitudinal cohort 
study, 127 patients were enrolled. A smart alert system managed undesired events, 
triggering physician interventions in case of suspected issues. The app collected data on 
dropout rates, complications, readmissions, Patient-Reported Outcome Measures 
(PROMS), and patient satisfaction. 

Results showed a 2% readmission rate, with smart alerts potentially preventing 85% 
of flagged issues through timely doctor interventions. Program adherence reached 77%, 
and 89% of patients endorsed the program's use. The integration of personalized, human-
backed digital solutions emerged as a transformative approach to standardize and enhance 
the rehabilitation journey post-TKA, while showing potential cost savings. 
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1 Introduction 
Rehabilitation is a crucial component of postoperative care, as it can decrease pain, improve 

function, and restore activities of daily living [1]. However, traditional rehabilitation for total knee 
replacement patients often involves in-person therapy sessions, which can be time-consuming, variable 
in quality, and costly. In addition, adherence to home exercise therapy is often low, which can lead to 
suboptimal outcomes and increased healthcare costs [2,3]. The lack of access to rehabilitation services 
in underserved areas can also be a barrier to effective rehabilitation [4]. Digital rehabilitation has the 
potential to address these limitations. Mobile apps provide individuals with access to rehabilitation 
therapy outside of traditional settings, which can increase engagement and improve adherence to 
therapy [5]. The latest evidence on digital rehabilitation has demonstrated that it is non-inferior to face-
to-face interventions and has the potential to improve outcomes for patients [6]. The limitations of most 
of these systems are related to the fact that they are offering the same protocols for every patient. The 
aim of this study was to investigate the engagement, safety, clinical effectiveness, and satisfaction of a 
personalized and adaptative app-based human backed-up digital monitoring and pain management and 
rehabilitation program after knee replacement arthroplasty. 

2 Methods 
This interventional, multi-center, single-arm, prospective study was performed on 127 individuals 

with degenerative knee pain who utilized digital rehabilitation following TKA between January 2021 
and May 2022. Those patients underwent no face-to-face rehabilitation. Subjects were included in 13 
Belgian and 1 French hospitals. 
Individuals were invited to download an app-based telerehabilitation system. ‘moveUP Therapy’ 
(moveUPâ, Bruxelles, Belgium) is registered as a medical device and uses a smart virtual platform for 
digital rehabilitation. 

The intervention was a home-based digital intervention of exercise and education. Patients were 
monitored remotely by a physical therapist through a secured chat messaging system. The system is 
composed of a mobile App for the patient and a web-based portal that allows the physical therapist to 
look daily at patient data (physical activity, pain levels, medication use, exercise adherence, PROMS, 
pictures, videos) and to personalize the protocol accordingly. Objective data were collected all along 
the recovery using a commercial activity tracker (Garmin Vivofit 4) worn 24/7 by the patients. 

Undesired events were managed through a smart alert system. Doctors were triggered in case of 
suspicion of problems. The problems are raised directly by the patients, by data-based alerts, or by the 
physical therapist supervising daily the patient status.  

The ethics committee of Universitair Ziekenhuis Antwerpen approved the study protocol and each 
patient provided written informed consent to the use of their anonymized data for scientific use. 

3 Results 
A total of 127 patients who were referred to the digital rehabilitation trajectory were analyzed 

(Figure 1). Fourteen patients did not start the trajectory, and 12 did not continue after surgery. The 
system was used on average 83 days. Average adherence with the exercise achievement was 77% over 
the whole rehabilitation journey. 

Two patients were readmitted to the hospital for manipulation under anesthesia corresponding to a 
readmission rate of 2,4 %. 67 alerts were raised through the web-based platforms for 32 patients (39% 
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of the patients). 32 alerts were raised by the patients (48%), 25 by the physical therapist (52%). Type 
of alerts are displayed in Figure 1 

The three most frequent actions were Medication change (27%), wound information and reassurance 
and referral (15%). 10 physical consultations were generated by the referrals. Doctor actions through 
the platform potentially avoided 57 consultations (85% of alerts). 

 

 

 
 
Significant improvements were found at 6 months in all KOOS sub-scales compared to preoperative 

values. 14 points in KOOS-Pain, 20 points in KOOS-Symptoms, 22 points in KOOS-Function, and 26 
points in KOOS-QoL 

 
The cost of the digital intervention was 257,5 euros per person.  
This cost comprised the activity tracker of 60 euro, an intake cost of 22,5 euros and the average cost 

of physical therapy follow-up of 170 euros (average of 18min per week per patient, standard deviation 
of 5 minutes) and medical follow up 5€ (67 intervention of 4min on average, spread over 86 patients). 

The physical therapists logged an average of 18 minutes per week (SD = 5 minutes) with each 
participant (Figure 2). The doctors logged 67 times to solve the alerts, with an average of 4 minutes 
(SD = 2 minutes). The time spent by care providers is low because of asynchronous communication, 
escalation process and platform efficiency.  

 
 

Figure 1: Type of alerts raised by the patient and the physical therapists.  
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4 Discussion 
One of the limitations of the study was the absence of control group (traditional face to face 

rehabilitation program) and the results of this study cannot be compared directly with the results of 
standard rehabilitations programs. 

The attrition rate was low compared to previous studies reporting between 7% and 45% attrition 
rate [6,7]. The results of our study demonstrated a very high adherence level to the proposed exercises 
(77%). Using a mobile application might be ideal to standardize the follow-up of physical therapy 
interventions after TKA and provide direct quantitative feed-back to the patients which increases the 
motivation [5]. 

As a result of procedure-related complications, the average 90-day readmission rates vary widely in 
the literature, ranging from 3.5% to 15.6% in TKA [8,9]. The complication rate in our study was only 
2,4% (two readmissions) for manipulations under anesthesia. This low rate might be attributed to the 
smart alert system that triggered the concerned care provider. 

The results of our study demonstrated a significant improvement in the patient reported outcome at 
6 months post-surgery. The significant improvements were similar than those previously reported after 
in-person interventions in Belgium and Netherlands [10–12]. 

We assessed patient satisfaction with the system and found that the patient promoter/satisfaction 
score was 89%, indicating a high level of patient acceptance. This finding is consistent with a study by 
Correia et al., which reported a 90% satisfaction rate [13]. 

Previous studies already indicated that digital rehabilitation is an economically viable alternative to 
traditional in-person care for post knee arthroplasty rehabilitation[14,15]. The biggest difference with 
previous studies lies in the asynchronous design of the digital rehabilitation used in this study which 
reduced the cost drastically.  
 

Figure 2: First line care provider time spent with each participant on a weekly basis along the 
whole rehabilitation.  
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