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Abstract: (1) Background: Mobile health (mHealth) solutions can become means of improving functional
recovery and reducing the peri-operative burden and costs associated with arthroplasty procedures. Aim of
this study is to explore the objectives, functionalities, and outcomes of a platform designed to provide
personalized surgical experiences to qualified patients, along with the associated problems and opportunities.
(2) Methods: A survey-based analysis was conducted on patients who were prescribed the use of a specific care
management platform and underwent primary Robotic total knee arthroplasty (rTKA) between January 2021
and February 2023. (3) Results: Patients registered on the platform who have undergone primary Robotic TKA
(rTKA) were considered. The mean age of registered patients is 68,6 years. The male (M) / female (F) ratio is
45.1% / 54.9%. The patients interviewed were at an average distance of 485 days from the intervention, with a
standard deviation of 187.5. The survey highlighted appreciation for the App and its features but limits in its
use and in its perception from the patients. All these data were evaluated according to the Wald principles and
strategies to improve patient recruitment, enhance adherence, and create a comprehensive patient journey for
optimized surgical experiences were analyzed. (4) Conclusions: This patient care platform may have the
potential to impact surgical experiences by increasing patient engagement, facilitating remote monitoring, and
providing personalized care. There is the need to emphasizes the importance of integrating the recruiting
process, improving adherence strategies, and creating a comprehensive patient journey within the platform

Keywords: care management platform; mymobility; telerehabilitation; robotic knee system; digital ecosystem

1. Introduction

In recent years, orthopedic surgery has witnessed a significant evolution in treatment strategies
and the way patients approach the post-operative rehabilitation process. This transformation has
been driven by several factors, including the increasing adoption of Fast Track protocols and the
Enhanced Recovery After Surgery (ERAS) program, aimed at optimizing surgical outcomes and
speeding up patients' healing process. The expectations of most patients undergoing total knee
replacement (TKR) are often unmet, as in some populations, the level of physical activity does not
necessarily increase compared to pre-operative levels. As a result, knee prosthetics have undergone
a radical transformation, with the focus now not only on the correct execution of the surgical
procedure but also on ensuring patients a rapid recovery and a quick return to joint functionality.

One of the key aspects driving these changes is the desire of patients to regain the efficiency of
their knee as quickly as possible. This need, often dictated by factors such as quality of life and the
urgency to resume normal daily activities, has led to a thorough reconsideration of rehabilitation
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strategies and technologies involved. In this context, studies have been conducted on Mobile Health
(mHealth) solutions as a means to improve functional recovery and reduce peri-operative burden
and costs associated with arthroplasty procedures [1] .

The widespread adoption of technology by the general public has significantly expanded the
scope of mHealth [2-4] , particularly focusing on the potential of smartphone-based care
management platforms (sbCMP) in providing tele-rehabilitation and remote patient monitoring
following total joint arthroplasty (TJA) [5-7] .

Starting from 2017, some smartphones (e.g., iPhone 8, Apple Inc., Cupertino, CA, USA) have
been released with a +2 g accelerometer capable of measuring accelerations with output frequencies
ranging from 0.5 Hz to 1 kHz (LIS331DLH, STMicroelectronics, Kokomo, IN, USA), a 3-axis
gyroscope capable of measuring angular velocity up to 2000 degrees per second (L3G4200D,
STMicroelectronics, Kokomo, IN, USA), and a magnetometer (AKM8975, AKM Semiconductor,
Tokyo, Japan).

The evolution has also extended to the integration of innovative mobile apps that leverage data
collected during surgery, contributing to a more comprehensive and personalized approach to post-
operative rehabilitation.

The context of the COVID-19 pandemic and lockdown measures has made the need to reduce
travel and hospital visits even more pressing. Limited access to healthcare facilities has emphasized
the importance of solutions that allow remote control of the quality and quantity of patient
rehabilitation. In this scenario, the need for effective communication between the patient and the care
team, without the need for continuous phone calls and outpatient visits, is emerging. Virtual
communication is therefore increasingly a fundamental component in post-operative care and
rehabilitation pathway management.

Numerous mHealth systems incorporate wearable devices that gather pre- and post-operative
data, which are unaffected by recall bias and can be collected continuously in a passive manner [2,8,9].

Patients undergoing TJA have responded positively to remote therapeutic monitoring platforms
that utilize wearables [10,11]. Smartphone-based platforms have shown comparable outcomes to
traditional recovery pathways while reducing the need for in-person rehabilitation [5,6,9,12]. These
platforms enable the passive collection of mobility metrics, which serve as potential indicators of
early functional recovery. While pre- and post-operative mobility data can be valuable for remote
monitoring, their correlation with patient-reported outcome measures (PROMs) has yielded mixed
results [13-15] . Nevertheless, it is necessary to establish more objective and performance-based
measures of mobility, as traditional PROMs have limitations due to ceiling effects [16].

The use of apps like mymobility represents a significant step forward in optimizing post-
operative management of patients undergoing knee prosthetic surgeries. These integrative solutions
not only improve the effectiveness of rehabilitation but also enhance communication between the
patient and the care team, contributing to ensuring a faster, efficient, and personalized healing
journey.

In addition to the implementation of mobile apps and wearables, advanced artificial intelligence
systems are emerging that play a crucial role in the revolution of orthopedic surgery and post-
operative rehabilitation. WalkAl is the artificial intelligence section present in mymobility in the
ZBEdge ecosystem and is a significant example of how technology is contributing to improving the
quality of care provided to patients undergoing knee prosthetic surgeries. One of its most relevant
features is its ability to identify early deviations or delays in a patient's rehabilitation. For example, if
the system detects a decrease in the patient's physical activity or slower-than-expected progress, it
can alert the care team in real-time. This functionality allows caregivers to intervene promptly,
adapting the rehabilitation plan or performing medical procedures based on the specific needs of the
patient. This way, potential complications or delays in recovery are avoided, ensuring that the
rehabilitation path remains highly efficient.

These systems not only improve the quality of care provided but also offer greater peace of mind
to patients, knowing that they are constantly monitored and supported during their healing journey.
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An example of this trend is the mymobility app, which integrates with the ROSA® (Robotic
Surgical Assistant) robot used in the operating room (Zimmer Biomet, Warsav, Indiana, USA).

The myMobility® orthopaedic care management system (Zimmer Biomet, Warsaw, IN, USA) is
a platform designed to provide personalized surgical experiences to qualified patients. It facilitates
the creation of procedure-specific telehealth protocols, monitors patient engagement, tracks activity
levels, and ensures compliance throughout the surgical journey [5,6,17,18].

The myMobility® platform is an application (App) available for iOS (iOS is a trademark or
registered trademark of Cisco in the USA and other countries and is used under license by Apple,
Inc.) and Android™ devices.

Aim of this study is to explore the objectives, functionalities, and outcomes of Mymobility®,
along with the associated problems and opportunities. Applying the Wald Criteria as previously
described by Lonner et al [17,19] we additionally propose strategies to improve patient recruitment,
enhance adherence, and create a comprehensive patient journey for optimized surgical experiences,
assuming that the involvement of various stakeholders, including surgeons, patients, physios,
caregivers, administrative assistants, staff, and developers, is crucial for the successful
implementation of the platform.

2. Materials and Methods

The analyzed patients were prescribed the use of the care management platform and underwent
primary unilateral or bilateral total knee arthroplasty. The study spanned from January 2021 to
February 2023 and specifically employed the ROSA® Knee System (Zimmer Biomet, Warsaw, IN,
USA). Patient data included records from three surgeons, ensuring a diverse and comprehensive
dataset for analysis. This study obtained institutional review board approval and subsequent waiver
of consent and authorization (IRB NK5022). Each participant in this study underwent robotic-assisted
total knee arthroplasty (raTKA) through a collaborative robotic system, as previously described [21].
The study's structure extended through different phases of the care management platform, including
consent, registration, activation, and utilization of pre- and post-operative rehabilitation programs.
A survey was meticulously created and conducted to obtain information from patients actively using
the app.

2.1. SELECTION

The survey was sent only to active patients on mymobility who underwent primary total knee
replacement at a variable distance from the date of surgery, including patients undergoing bilateral
arthroplasty. The selection criteria further refined the pool to include only patients operated on by
the three most experienced surgeons, excluding those who underwent revisions of the primary
prosthesis. The verification process involved searching for the names of the selected patients from
mymobility in the hospital’s clinical data collection system. This was necessary as mymobility is
currently not designed for patients undergoing revision procedures of joint replacement. Patient
eligibility for participation was based on factors such as age (18 or above), fluency in the Italian
language, and the ability to provide informed consent. The uniformity of the rehabilitation treatment
protocol was maintained across all patients, allowing for consistent monitoring of progress by
surgeons and physical therapists through a dedicated website.

2.2. ENROLLING

All patients undergoing robotic-assisted surgery or, in general, joint replacement (including total
hip arthroplasty and unicompartimental knee arthroplasty) at our center had previously signed an
informed consent covering the use of personal data, also aimed at recording data on mymobility and
the ZBEdge ecosystem (Zimmer, Warsaw, Indiana, USA), and the use of direct messaging. Through
the filter labeled “active” on the mymobility app, it was possible to quickly identify patients actually
using the app or some functions of it during the post-operative rehabilitation or even further. A
manual check made it possible to select patients undergoing total knee arthroplasty to whom the
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direct message containing the external link for the survey was sent, in order to filter out potential
responses from identical IP addresses or those originating from implausible IP addresses. Patients
were contacted through the messaging service provided by mymobility. To eliminate potential
biases, the survey coordinator was distinct from the surgeons performing the surgeries. Contacts
were performed only through the mymobility app to respect patients’ privacy and not to obtain
further unnecessary personal data. Patients received a unique external link to access the
questionnaire anonymously, ensuring that only those who received the link could complete the
survey directly from their personal device. An additional layer of verification occurred through an
IP address cross-check, confirming the geographical origin of the responses.

2.3. SURVEY IMPLEMENTATION

The survey instrument was meticulously crafted by the principal authors of the study and
comprised two sections. The first, consisting of 9 questions, particularly related to the technical aspect
of the app; the second, consisting of 10 questions, explored general satisfaction and aimed at
identifying the behavior and preferences of the patients. The questionnaire was intentionally
designed to refrain from collecting any confidential health or personal information, thereby obviating
the need for further consent. Most questions included mutually exclusive dichotomous answers
("yes," "no") with an additional option ("not sure") to ensure clear, direct, and comparable answers.
There were also an open-ended question and two multiple-choice questions (relating to the function
judged most useful, the device used, and any suggestions to improve the app) to provide an analysis
as complete as possible. The questionnaire was intentionally designed with a limited number of
questions, each formulated in a clear and concise manner. This approach aimed to prevent patients
from losing interest during the completion process. By employing straightforward language and
minimizing textual content, the intent was to ensure that respondents could easily navigate through
the survey, maintaining their attention and engagement. The emphasis on brevity and simplicity was
a deliberate strategy to enhance the overall effectiveness of the study, encouraging a higher response
rate and valuable input from participants.

2.4. DATA ANALYSIS

The questions were hosted on the online service surveymonkey.com, which automatically
provided a percentage analysis and the absolute frequencies of the answers obtained. A premium
institutional account was created on the website with the single purpose of obtaining the requested
information for this research. Surveymonkey's automated indexing system streamlined the data
analysis process, with results conveniently compiled into a .xIs file and consequently converted into
graphical illustrations. Demographic and statistical analyses ensued, encompassing mean age and
gender. A 95% confidence interval was applied, leveraging Student's t-score and z-score for accurate
comparison and robust conclusions. Importantly, this study was conducted without external
funding, ensuring the integrity of the research process.

3. Results

3.1. DEMOGRAPHIC ANALYSIS

As of the present date, our records indicate that 536 patients have registered on myMobility®
and have undergone robotic total knee arthroplasty (rTKA). The mean age of these registered patients
stands at 68.6 years. The gender distribution shows that 45.1% are male and 54.9% are female. The
interviewed patients were, on average, 485 days post-intervention, with a standard deviation of 187.5.

Regarding the active patients using myMobility® at the time of the survey, their demographic
breakdown was as follows:

1)  Total count: 218 patients
2)  Gender distribution: 56.5% male, 43.5% female
3) Average age: 63.45 years
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4) Standard deviation: 9.3 years

During the survey period, the demography of active patients on mymobility included a total of
218 individuals. The gender distribution among these active patients was 56.5% male and 43.5%
female. The average age of this group was 63.45 years, with a standard deviation of 9.3 years. While
the mean age for men was marginally lower than for women (62.4 versus 64.9), this difference did
not reach statistical significance (t = 1.39). However, a statistically significant age difference was
observed between the active population on mymobility and the overall registered patient population
(t = 5.94). Finally, the M/F ratio did not exhibit a significant difference between the two groups (z = -
1.43).

No additional demographic data were collected from the respondents.

3.2. RESPONSE RATE INSIGHTS

Out of a total of 217 active patients (accounting for 218 procedures due to a bilateral total knee
replacement), who had undergone primary total knee replacement, 64 responses were received,
constituting a response rate of 34.24%. Each respondent diligently completed both questionnaires, a
fact confirmed through IP address cross-checking. The survey spanned a period of two months,
starting on April 29th, 2023, and concluding on June 29th, 2023, although the majority of responses
were received within the first two weeks, with a solitary response arriving six weeks later.

3.3. SURVEY RESULTS AND ANALYSIS

The first survey, focused on the technical aspects of the mymobility app, unveiled an
overwhelmingly positive response from participants. A remarkable 100% of respondents found
mymobility easy to use from the registration phase onward. A mere 13% of participants (8 patients)
required assistance from the toll-free number for technical support. Furthermore, 93.3% reported
feeling more informed since using mymobility and expressed ease in finding the information they
sought. The rest answered “not sure” to these two questions. The primary devices for accessing
mymobility were smartphones for 93.3% of respondents, with the remaining users opting for tablets,
and none using PCs. Notably, 37.5% of patients (24 patients) also owned a smartwatch.

In terms of functionality, the Education feature emerged as the most valued, garnering 75% of
votes, followed by Routine (18.75%) and Statistics (6.25%). Interestingly, no patient identified
Messages and Rating features as the most important. When asked for suggestions or desired changes,
all 64 respondents remained silent, offering no specific recommendations.

The second survey, the one relating to general patient satisfaction, provided further insights.
Virtually, all of the respondents expressed a willingness to recommend the use of mymobility, with
only one patient expressing uncertainty, answering “not sure”. A notable 87.5% (56 patients) claimed
success in achieving rehabilitation program goals, while the remaining respondents (8 patients)
answered in the negative. Similarly, 87.5% (56 patients) deemed mymobility crucial in their
rehabilitation process and the remaining 8 patients answered “not sure”. Nearly all respondents (60
patients, 93.3%) reported a reduction in surgical anxiety through mymobility usage. The remaining
4 patients answered “not sure”. While 100% of participants appreciated the care team's ability to
monitor their progress and found exercise reference videos helpful, 56.25% (36 patients) expressed
uncertainties about the promised faster contact and increased surgeon attention, answering "not sure"
to the related questions.

A noteworthy finding was that 21.9% of patients had not engaged a physiotherapist, relying
solely on mymobility for rehabilitation. Additionally, a slight majority (34 patients, 53.1%) expressed
support for introducing a function to compare their own progress with other users, while 8 users
(12.5%) were opposed, and the remainder were uncertain, answering “not sure”.
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lFigure 1L Graphic representation of the output of the administered Survey. C

ted [M1]: Please cite the figures 1--3 in the text and

ensure that the first citation of each figure appears in
What device do you use mymobility with?

numerical order.

Figure 2. Graphic representation of the output of the administered Survey.

Which feature did you find most useful and use
the most?

Figure 3. Graphic representation of the output of the administered Survey.

4. Discussion

The initial findings of this study reveal that an analysis of the app's usage and survey responses
highlights several key points. Despite a favorable initial consent rate (>70%) for app usage, the
number of patients actually activating the app decreases to 15-20%, with only around 10% using it
correctly. Moreover, the percentage of patients utilizing the app to its maximum potential drops to
less than 5%. This survey has brought forth varied results that necessitate evaluation and analysis.

Patients who participated in the survey generally expressed a positive view of the app, finding
it highly valuable for educational purposes. However, they did not feel that the medical staff actively
engaged with them through the app, nor did they perceive the platform as enhancing their
communication with the hospital. Additionally, a majority of surveyed patients demonstrated a keen
interest in a solution that incorporates a comparative analysis of their rehabilitation progress within
the application, juxtaposed against the advancements of their peers. This inclination towards this
kind of feature underscores the importance of the sense of achievement and motivation in a
competitive yet supportive environment, which could ideally enhance patients’ engagement and
adherence to rehabilitation protocols.

These results present opportunities for improving the utilization of these platforms during the
post-operative phase. Applying the Wald Criteria, as described by Lonner et al [19], entails examining
the results from a distinct perspective and adopting a different perception of the problem. This


https://doi.org/10.20944/preprints202312.0856.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 December 2023 doi:10.20944/preprints202312.0856.v1

approach aims to emphasize the opportunities arising from these results, facilitating the identification
of solutions to enhance the outcomes of the current situation.

The analysis involves three main phases: patient recruitment, adherence, and experience.
Crucially, it is evident that involving various stakeholders is essential for successful platform
implementation. The roles and responsibilities of surgeons, patients/caregivers, staff, and company
developers must be clearly defined and specified. Effective communication and collaboration among
stakeholders throughout the surgical journey are necessary.

4.1. Enhancing Patient Recruitment:

As of today, there are no operational guidelines for implementing telerehabilitation in the
orthopedic scenario [24,25]. To bolster patient recruitment, adjustments to current processes are
recommended. A suggested strategy involves eliminating pre-selection criteria from the recruitment
protocol, enrolling all joint replacement patients regardless of instruction level, age, or device access
[24]. Non-adhering individuals should be excluded subsequently. The platform should be integrated
into the standard patient pathway, supported by strategies like informative leaflets and registration
in pre-hospitalization checklists [26]. Conducting pre-operative educational programs or outreach
initiatives to inform the patients about the surgery could include a section about the use and
advantages of this solution. In this view, it is important to create a collaborative environment between
healthcare professionals and tech assistants. Highlighting the app’s ability to tailor rehabilitation
plans to individual needs can also be a winning strategy and can potentially attract patients.

4.2. Improving Adherence:

Improving adherence is crucial for the app's success. Strategies should align with patient
preferences identified in the survey. Providing comprehensive pre-operative information through
video tutorials [27], integrating informed consent processes [28], and enabling direct patient-staff
communication are pivotal for this phase [29]. Tailoring the platform to individual patient needs
emerges as a key consideration [30]. In a more specific way, some tips about it could include a better
user-friendly design with a straightforward interface and easy navigation, the implementation of
accessibility features within the app to accommodate users with various abilities, including features
such as voice commands, adjustable font size, or compatibility with screen readers. Moreover, the
application offers already multiple languages, but it is important to add even more of them, in order
to overcome potential language barriers.

4.3. Creating an Inclusive Patient Journey:

For optimized surgical experiences, establishing a comprehensive patient journey within the
Mymobility® system is proposed. This involves incorporating rapid recovery protocols and Al
integration, such as chatbots, to enhance patient experiences and provide immediate support [31].
Building a platform community through avatars, competition elements, and rewarding systems
should also be discussed, providing features like forums, discussion boards, or virtual support
groups where users can share their experiences, creating a supportive environment with gamification
elements.

In this regard, Pariser et al. have suggested that minimal interventions such as providing written
information, setting goals, and creating action plans can result in improvements in terms of
depression and pain among patients with osteoarthritis [32]. Feedback integration is another feature
that could contribute to creating a sense of ownership and participation, giving indeed useful advice
to the developers.

In the near future, artificial intelligence (AI) and deep learning (DL) can significantly enhance
chatbots and predictive models to improve the inclusive patient journey through surgery and
rehabilitation. Chatbots driven by Al can engage with patients with natural language and can learn
from interactions, adapting responses based on patients” behavior. Algorithms can predict intensity
levels of exercises to individual capabilities and recovery rates, enabling timely adjustments to
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rehabilitation plans as well. As of our knowledge, patient management applications are a limited
number as of today. Mymobility® is the only one that as now offers a section of Al, able to predict
the speed of walk at 90 days after surgery, in the immediate post-operative time. Further
improvements of the use of Al should be discussed.

4.4. Key Performance Indicators (KPIs):

Establishing KPIs is critical for assessing Mymobility®'s effectiveness. Specific KPIs for
monitoring the platform's success must be individuated. They should include patients” engagement
metrics (measuring the number of active users over a specific period and session duration),
improving the effectiveness of rehabilitation, patients’ satisfaction (collecting patients’ feedbacks and
reviews, identifying areas for improvement), accessibility and inclusivity (analyzing usage patterns
across different demographics and monitoring interactions with support services), technical
performances (tracking technical aspects such as loading time or any reported crashes or glitches,
assessing the app’s compatibility with various devices and operating systems), improving the
evaluation of adherence to rehabilitation plans and health metrics (such as pain reduction, improved
range of motion, and enhanced functionality), data security and privacy, and correct usage. Regular
surveys are emphasized for tracking patients’ satisfaction and gathering feedback.

4.5. Future Perspectives:

The promotion of mHealth and tele-rehabilitation should be advocated, as they are now
recognized to provide benefits for patients in terms of both economic considerations and time
efficiency [10,33,34]. Moreover, they have been shown to be non-inferior and, in certain instances,
even superior in terms of outcomes [35-38]. Furthermore, considering the unanimous contribution
of the app in reducing pre-operative anxiety, it is crucial to emphasize that its role in influencing post-
operative clinical outcomes remains a topic of debate [39,40]. This aspect should not be
underestimated in patient management.

The accurate collection of intra-operative data through robotic systems offers valuable insights
into joint kinematics, driving innovations in surgical software for reproducible and tailored
outcomes. Artificial intelligence and machine learning algorithms show promise in predicting
functional outcomes, including mobility data. However, the integration of intra-operative data into
predictive models for total knee arthroplasty remains an unexplored area.

In the realm of patient management, contemporary platforms play a pivotal role within broader
ecosystems where data is stored and seamlessly integrated. These ecosystems serve as fertile ground
for the intersection of Artificial Intelligence (AI) and Deep Learning (DL), revolutionizing surgical
decision-making. The principles laid out by Wald underscore the need for a nuanced approach when
applying traditional outcome measures to robotic interventions, especially in knee prosthetics.

The advent of TKA within robotic frameworks challenges conventional outcome metrics. Unlike
traditional assessments, the incorporation of Al and DL demands a reevaluation of success indicators.
Metrics such as patient satisfaction emerge as critical benchmarks, reflecting the evolving landscape
of orthopedic interventions. The very stimulus propelling the development of platforms tailored for
patient management lies in the disruptive influence of robotics.

Robotic systems, embedded within these comprehensive data ecosystems, leverage Al and DL
algorithms to navigate the intricate nuances of surgical decision-making. These technologies not only
enhance procedural precision but also contribute significantly to the patient's overall experience. The
dynamic shift from conventional metrics to patient-centric evaluations aligns with the essence of
Wald's principles, emphasizing the need for a customized approach in the era of robotic orthopedics.

The advantages of embracing robotic technologies extend beyond the operating room,
permeating into postoperative phases. The emphasis on patient satisfaction as a primary outcome
underscores a paradigm shift in assessing the success of TKA interventions. As these platforms
continue to evolve, their integration into larger healthcare ecosystems heralds a new era, where the
symbiotic relationship between robotics, Al, and DL becomes indispensable for advancing surgical
practices and optimizing patient outcomes.
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Recommendations for further research and development should encompass evaluating long-
term outcomes, integrating Al technologies, expanding the platform's scope, and emphasizing
continuous improvement to address evolving patient needs. In this view, physicians” feedback is
important as well. They should be interviewed about the clinical validity of these solutions and
patient safety, identifying potential risks associated with the app’s use, and how they perceive the
app’s role. Alignment with treatment plans should be assessed. Moreover, physicians can offer
insights into patients” compliance and engagement levels with the app and identify limitations and
concerns. Data security and right communications can be ensured by them. Finally, physicians’
feedback contributes to the app’s alignment with evidence-based practices, enhancing the credibility
of the app within the medical community. Acknowledging the limitations of the study, which include
secondary data analysis of anonymized data and a limited survey response within the studied
population, the use of AI will be crucial in processing extensive data and influencing outcomes
throughout the care journey.

5. Conclusions

In conclusion, the Mymobility® system presents substantial potential for revolutionizing
surgical care through the enhancement of patient engagement and outcomes. By addressing the
identified challenges and implementing the proposed strategies, its utilization can be optimized,
resulting in enhanced patient care and satisfaction.

The platform holds the capacity to reshape surgical experiences, elevating patient engagement,
enabling remote monitoring, and facilitating personalized care. The integration of recruitment,
adherence, and comprehensive patient journey strategies can further optimize its effectiveness.

Authors” Contribution: SMPR and RP designed and were responsible for the manuscript, All authors
contributed to the study conception and design. Material preparation, data collection and analysis were
performed by RP, LA and RS. The first draft of the manuscript was written by SMPR and RP. FB, LG and FL
supervised the study. All authors read and approved the final manuscript‘.

Commented [M2]: We removed the Acknowledge part,

Funding: none since there is no content, please confirm.

Informed Consent Statement: Written consent was obtained from all patients Commented [M3]: If this need to keep, please confirm.

Conflicts of Interest: FB declares a teaching contract with Zimmer Biomet. No conflict of interest to be declared
by any of the authors for the current study.

Ethical Approval: IRB Approval No. NK5022

Disclorsures: FB is Consultant for Zimmer Biomet, receives Royalties from Zimmer Biomet The other authors
have no diclosures.

Consent for Publication: consent was obtained for publication by all the authors

Availability of Supporting Data: associated data are available in a data repository

References

1. Iribarren, S.J.; Cato, K; Falzon, L.; Stone, P.W. What Is the Economic Evidence for mHealth? A Systematic
Review of Economic Evaluations of mHealth Solutions. PLoS ONE 2017, 12, 0170581,
doi:10.1371/journal.pone.0170581.

2. Knight, S.R.; Ng, N.; Tsanas, A.; Mclean, K.; Pagliari, C.; Harrison, E.M. Mobile Devices and Wearable
Technology for Measuring Patient Outcomes after Surgery: A Systematic Review. npj Digit. Med. 2021, 4,
157, d0i:10.1038/s41746-021-00525-1.

3. Patel, B; Thind, A. Usability of Mobile Health Apps for Postoperative Care: Systematic Review. JMIR
Perioper Med 2020, 3, €19099, doi:10.2196/19099.

4. Handel, M.]. mHealth (Mobile Health) —Using Apps for Health and Wellness. EXPLORE 2011, 7, 256-261,
doi:10.1016/j.explore.2011.04.011.

5.  Crawford, D.A.; Duwelius, P.J.; Sneller, M.A.; Morris, M.]J.; Hurst, ].M.; Berend, K.R.; Lombardi, A.V. 2021
Mark Coventry Award: Use of a Smartphone-Based Care Platform after Primary Partial and Total Knee
Arthroplasty: A Prospective Randomized Controlled Trial. The Bone & Joint Journal 2021, 103-B, 3-12,
doi:10.1302/0301-620X.103B6.B]JJ-2020-2352.R1.


https://doi.org/10.20944/preprints202312.0856.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 December 2023

doi:10.20944/preprints202312.0856.v1

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

10

Crawford, D.A.; Lombardi, A.V.; Berend, K.R.; Huddleston, J.I; Peters, C.L.; DeHaan, A.; Zimmerman, E.K.;
Duwelius, P.J. Early Outcomes of Primary Total Hip Arthroplasty with Use of a Smartphone-Based Care
Platform: A Prospective Randomized Controlled Trial. The Bone & Joint Journal 2021, 103-B, 91-97,
doi:10.1302/0301-620X.103B7.B]JJ-2020-2402.R1.

Hussain, M.S;; Li, J.; Brindal, E.; Van Kasteren, Y.; Varnfield, M.; Reeson, A.; Berkovsky, S.; Freyne, J.
Supporting the Delivery of Total Knee Replacements Care for Both Patients and Their Clinicians With a
Mobile App and Web-Based Tool: Randomized Controlled Trial Protocol. JMIR Res Protoc 2017, 6, €32,
doi:10.2196/resprot.6498.

Ramkumar, P.N.; Haeberle, H.S.; Ramanathan, D.; Cantrell, W.A.; Navarro, S.M.; Mont, M.A.; Bloomfield,
M.; Patterson, B.M. Remote Patient Monitoring Using Mobile Health for Total Knee Arthroplasty:
Validation of a Wearable and Machine Learning—Based Surveillance Platform. The Journal of Arthroplasty
2019, 34, 2253-2259, doi:10.1016/j.arth.2019.05.021.

Tripuraneni, K.R.; Foran, ] R.H.; Munson, N.R.; Racca, N.E.; Carothers, ].T. A Smartwatch Paired With A
Mobile Application Provides Postoperative Self-Directed Rehabilitation Without Compromising Total
Knee Arthroplasty Outcomes: A Randomized Controlled Trial. The Journal of Arthroplasty 2021, 36, 3888—
3893, doi:10.1016/j.arth.2021.08.007.

Prvu Bettger, J.; Green, C.L.; Holmes, D.N.; Chokshi, A.; Mather, R.C.; Hoch, B.T.; De Leon, A.J.; Aluisio, F.;
Seyler, T.M.; Del Gaizo, D.J.; et al. Effects of Virtual Exercise Rehabilitation In-Home Therapy Compared
with Traditional Care After Total Knee Arthroplasty: VERITAS, a Randomized Controlled Trial. The Journal
of Bone and Joint Surgery 2020, 102, 101-109, doi:10.2106/JBJS.19.00695.

Robinson, A.; Oksuz, U.; Slight, R.; Slight, S.; Husband, A. Digital and Mobile Technologies to Promote
Physical Health Behavior Change and Provide Psychological Support for Patients Undergoing Elective
Surgery: Meta-Ethnography and Systematic Review. JMIR Mhealth Uhealth 2020, 8, 19237,
d0i:10.2196/19237.

Fillingham, Y.A.; Darrith, B.; Lonner, ].H.; Culvern, C.; Crizer, M.; Della Valle, C.J. Formal Physical Therapy
May Not Be Necessary After Unicompartmental Knee Arthroplasty: A Randomized Clinical Trial. The
Journal of Arthroplasty 2018, 33, S93-599.e3, doi:10.1016/j.arth.2018.02.049.

Fransen, B.L.; Pijnappels, M.; Butter, I.K.; Burger, B.J.; Van Dieén, J.H.; Hoozemans, M.J.M. Patients’
Perceived Walking Abilities, Daily-Life Gait Behavior and Gait Quality before and 3 Months after Total
Knee Arthroplasty. Arch Orthop Trauma Surg 2022, 142, 1189-1196, doi:10.1007/s00402-021-03915-y.
Kirschberg, J.; Goralski, S.; Layher, F.; Sander, K.; Matziolis, G. Normalized Gait Analysis Parameters Are
Closely Related to Patient-Reported Outcome Measures after Total Knee Arthroplasty. Arch Orthop Trauma
Surg 2018, 138, 711-717, doi:10.1007/s00402-018-2891-3.

Master, H.; Bley, J.A.; Coronado, R.A.; Robinette, P.E.; White, D.K.; Pennings, J.S.; Archer, K.R. Effects of
Physical Activity Interventions Using Wearables to Improve Objectively-Measured and Patient-Reported
Outcomes in Adults Following Orthopaedic Surgical Procedures: A Systematic Review. PLoS ONE 2022,
17, 0263562, doi:10.1371/journal.pone.0263562.

Kappel, A.; Laursen, M.; Nielsen, P.T.; Odgaard, A. Relationship between Outcome Scores and Knee Laxity
Following Total Knee Arthroplasty: A Systematic Review. Acta Orthopaedica 2019, 90, 46-52,
doi:10.1080/17453674.2018.1554400.

Lonner, J.H.; Anderson, M.B.; Redfern, R.E.; Van Andel, D.; Ballard, J.C.; Parratte, S. An Orthopaedic
Intelligence Application Successfully Integrates Data from a Smartphone-Based Care Management
Platform and a Robotic Knee System Using a Commercial Database. International Orthopaedics (SICOT) 2023,
47, 485-494, doi:10.1007/s00264-022-05651-3.

Christensen, J.C.; Blackburn, B.E.; Anderson, L.A.; Gililland, J.M.; Peters, C.L.; Archibeck, M.].; Pelt, C.E.
Recovery Curve for Patient Reported Outcomes and Objective Physical Activity After Primary Total Knee
Arthroplasty — A Multicenter Study Using Wearable Technology. The Journal of Arthroplasty 2023, 38, S94—
5102, doi:10.1016/j.arth.2023.03.060.

Lonner, J.H.; Goh, G.S. Moving beyond Radiographic Alignment: Applying the Wald Principles in the
Adoption of Robotic Total Knee Arthroplasty. International Orthopaedics (SICOT) 2023, 47, 365-373,
doi:10.1007/s00264-022-05411-3.

Rossi, S.M.P.; Benazzo, F. Individualized Alignment and Ligament Balancing Technique with the ROSA®
Robotic System for Total Knee Arthroplasty. International Orthopaedics (SICOT) 2023, doi:10.1007/s00264-
022-05671-z.

Rossi, S.M.P.; Sangaletti, R.; Perticarini, L.; Terragnoli, F.; Benazzo, F. High Accuracy of a New Robotically
Assisted Technique for Total Knee Arthroplasty: An in Vivo Study. Knee Surg Sports Traumatol Arthrosc
2022, doi:10.1007/s00167-021-06800-8.

Mancino, F.; Rossi, S.M.P.; Sangaletti, R.; Lucenti, L.; Terragnoli, F.; Benazzo, F. A New Robotically Assisted
Technique Can Improve Outcomes of Total Knee Arthroplasty Comparing to an Imageless Navigation
System. Arch Orthop Trauma Surg 2022, doi:10.1007/s00402-022-04560-9.


https://doi.org/10.20944/preprints202312.0856.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 December 2023

doi:10.20944/preprints202312.0856.v1

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

11

Batailler, C.; Hannouche, D.; Benazzo, F.; Parratte, S. Concepts and Techniques of a New Robotically
Assisted Technique for Total Knee Arthroplasty: The ROSA Knee System. Arch Orthop Trauma Surg 2021,
141, 2049-2058, d0i:10.1007/s00402-021-04048-y.

Tenforde, A.S.; Borgstrom, H.; Polich, G.; Steere, H.; Davis, LS.; Cotton, K.; O'Donnell, M.; Silver, J.K.
Outpatient Physical, Occupational, and Speech Therapy Synchronous Telemedicine: A Survey Study of
Patient Satisfaction with Virtual Visits During the COVID-19 Pandemic. Am | Phys Med Rehabil 2020, 99,
977-981, doi:10.1097/PHM.0000000000001571.

Kaur, M.; Eddy, E.Z.; Tiwari, D. Exploring Practice Patterns of Pediatric Telerehabilitation During COVID-
19: A Survey Study. Telemedicine and e-Health 2022, 28, 1505-1516, d0i:10.1089/tmj.2021.0506.

Suso-Marti, L.; La Touche, R.; Herranz-Gémez, A.; Angulo-Diaz-Parrefio, S.; Paris-Alemany, A.; Cuenca-
Martinez, F. Effectiveness of Telerehabilitation in Physical Therapist Practice: An Umbrella and Mapping
Review With Meta-Meta-Analysis. Physical Therapy 2021, 101, pzab075, doi:10.1093/ptj/pzab075.
McDonald, S.; Page, M.].; Beringer, K.; Wasiak, J.; Sprowson, A. Preoperative Education for Hip or Knee
Replacement. Cochrane Database of Systematic Reviews 2014, 2015, doi:10.1002/14651858.CD003526.pub3.
Knapp, P.W.; Keller, R.A.; Mabee, K.A_; Pillai, R.; Frisch, N.B. Quantifying Patient Engagement in Total
Joint Arthroplasty Using Digital Application-Based Technology. The Journal of Arthroplasty 2021, 36, 3108—
3117, doi:10.1016/j.arth.2021.04.022.

Benavente, K.; Banaschak, C.; Szotek, P. Replacing Conventional Telecommunication with a Freeform
HIPAA Compliant Healthcare Texting App: A Survey of Patient Preference. Surg Endosc 2023, 37, 2182—
2188, doi:10.1007/s00464-023-09869-z.

Palazzo, C.; Klinger, E.; Dorner, V.; Kadri, A.; Thierry, O.; Boumenir, Y.; Martin, W.; Poiraudeau, S.; Ville,
1. Barriers to Home-Based Exercise Program Adherence with Chronic Low Back Pain: Patient Expectations
Regarding New Technologies. Annals of Physical and Rehabilitation Medicine 2016, 59, 107-113,
doi:10.1016/j.rehab.2016.01.009.

Hamilton, C.; McCluskey, A.; Hassett, L.; Killington, M.; Lovarini, M. Patient and Therapist Experiences of
Using Affordable Feedback-Based Technology in Rehabilitation: A Qualitative Study Nested in a
Randomized Controlled Trial. Clin Rehabil 2018, 32, 1258-1270, doi:10.1177/0269215518771820.

Pariser, D.; O'Hanlon, A. Effects of Telephone Intervention on Arthritis Self-Efficacy, Depression, Pain, and
Fatigue in Older Adults with Arthritis. | Geriatr Phys Ther 2005, 28, 67-73.

Havran, M.A.; Bidelspach, D.E. Virtual Physical Therapy and Telerehabilitation. Physical Medicine and
Rehabilitation Clinics of North America 2021, 32, 419-428, doi:10.1016/j.pmr.2020.12.005.

Colomina, J.; Drudis, R.; Torra, M.; Pallis6, F.; Massip, M.; Vargiu, E.; Nadal, N.; Fuentes, A.; Ortega Bravo,
M.; Miralles, F.; et al. Implementing mHealth-Enabled Integrated Care for Complex Chronic Patients With
Osteoarthritis Undergoing Primary Hip or Knee Arthroplasty: Prospective, Two-Arm, Parallel Trial. ] Med
Internet Res 2021, 23, 28320, do0i:10.2196/28320.

Agostini, M.; Moja, L.; Banzi, R.; Pistotti, V.; Tonin, P.; Venneri, A.; Turolla, A. Telerehabilitation and
Recovery of Motor Function: A Systematic Review and Meta-Analysis. | Telemed Telecare 2015, 21, 202-213,
doi:10.1177/1357633X15572201.

Russell, T.G.; Buttrum, P.; Wootton, R.; Jull, G.A. Internet-Based Outpatient Telerehabilitation for Patients
Following Total Knee Arthroplasty: A Randomized Controlled Trial. The Journal of Bone and Joint Surgery-
American Volume 2011, 93, 113-120, d0i:10.2106/JBJS.1.01375.

Moffet, H.; Tousignant, M.; Nadeau, S.; Mérette, C.; Boissy, P.; Corriveau, H.; Marquis, F.; Cabana, F.;
Ranger, P.; Belzile, E.L.; et al. In-Home Telerehabilitation Compared with Face-to-Face Rehabilitation After
Total Knee Arthroplasty: A Noninferiority Randomized Controlled Trial. The Journal of Bone and Joint
Surgery-American Volume 2015, 97, 1129-1141, doi:10.2106/JBJS.N.01066.

McKeon, J.E.; Alvarez, P.M.; Vajapey, A.S.; Sarac, N.; Spitzer, A.L; Vajapey, S.P. Expanding Role of
Technology in Rehabilitation After Lower-Extremity Joint Replacement: A Systematic Review. JB]S Reviews
2021, 9, doi:10.2106/JBJS.RVW.21.00016.


https://doi.org/10.20944/preprints202312.0856.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 December 2023 doi:10.20944/preprints202312.0856.v1

12

39. Stauber, A.; Schiifiler, N.; Palmdorf, S.; Schiirholz, N.; Bruns, D.; Osterbrink, J.; Nestler, N. RECOVER-E —
a Mobile App for Patients Undergoing Total Knee or Hip Replacement: Study Protocol. BMC Musculoskelet
Disord 2020, 21, 71, doi:10.1186/s12891-020-3090-2.

40. Sorel, ].C.; Oosterhoff, ] H.F.; Broekman, B.F.P.; Jaarsma, R.L.; Doornberg, ].N.; IJpma, F.F.A,; Jutte, P.C.;
Spekenbrink-Spooren, A.; Gademan, M.G.J.; Poolman, R.W. Do Symptoms of Anxiety and/or Depression
and Pain Intensity before Primary Total Knee Arthroplasty Influence Reason for Revision? Results of an
Observational Study from the Dutch Arthroplasty Register in 56,233 Patients. General Hospital Psychiatry
2022, 78, 4249, doi:10.1016/j.genhosppsych.2022.07.001.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or
products referred to in the content.


https://doi.org/10.20944/preprints202312.0856.v1

