
Research Article 

Remote Monitoring using Wearable Technology after Knee        
Arthroplasty Using a Joint-Specific Wearable Device: A Prospective         
Cohort Study of 435 patients with 6 week follow up.           
Ralph J Mobbs, MD1a, Tajrian Amin2b, S. David Stulberg, MD3c, Jeffery M Kerina, MD4d, Victor Hernandez, MD, MSce,
Richard Bolander, PhD5 f 

1 Prince of Wales Private and Public Hospitals, 2 Westmead Hospital, 3 Northwestern Memorial Hospital, 4 Unova Health Clinic, 5 TracPatch Health 

Keywords: Total Knee Arthroplasty, Wearable Monitoring, Remote Monitoring, Accelerometry, Telehealth, Cohort Study, Range of Motion, Total Daily 
Steps Joint specific surface sensors 

https://doi.org/10.60118/001c.72644 

Ralph Mobbs is a Neurosurgeon at the Prince of Wales Private and Public Hospitals in Sydney, Australia. He is director of the Neu
roSpineClinic, Chair of the NSURG research group and Editor-in-Chief of the Journal of Spine Surgery and is clinical Professor in 
Neurosurgery. 

His clinical expertise is in the areas of Spinal Endoscopy, Spinal tumors, Spinal 
trauma, and minimally invasive spine surgery for degenerative conditions. Throughout his career he has developed unique surgical 
fixation systems, implants, approaches and techniques in common use today. Mobbs received worldwide acclaim for being the first 
surgeon to design and implant 3D printed patient specific spinal implants. 

Visit Dr. Mobbs’s Website 

Connect with Dr. Mobbs on LinkedIn 

Conflicts of Interest Statement for Dr. Mobbs 

Tajrian Amin is a medical researcher with keen interest in medical applications of the IoT. 

Visit Tajrian Amin’s Website 

Conflicts of Interest Statement for Tajrian Amin. 

Visit Dr. Stulberg’s Website 

Conflicts of Interest Statement for Dr. Stulberg 

Visit the Open Payments Data Page for Dr. Stulberg 

Visit the Open Payments Data Page for Dr. Kerina 

Conflicts of Interest Statement for Dr. Kerina 

Victor Hugo Hernandez, MD, MSc is the chief of Joint and Adult Reconstruction division and a joint specialist and orthopaedic sur
geon, he is an associate professor with UHealth Joint Replacement, a division of the Department of Orthopaedics at the University 
of Miami Miller School of Medicine. Originally from Colombia, Dr. Hernandez graduated from the Universidad del Norte, Colombia. 
He completed a research Fellow, internship and residency in Orthopaedic Surgery at the University of Puerto Rico, and most re
cently, completed his fellowship in Joint Replacement and Adult Reconstruction at the Rothman Institute. While in residency, he 
also completed a Master’s Degree in Clinical and Translational research at the university of Puerto Rico. He has received extensive 
training from experts in hip and knee joint reconstruction, including anterior hip approach, muscles sparing techniques, bilateral si
multaneous knee replacement and complex revision, as well as patella-femoral and uni-compartimental arthoplasty. 

His research has focus on outcomes, disparities and cost effectiveness analysis after joint reconstruction. He won twice the Fernan
dez Filiberty’s award for his research with the Puerto Rican Orthopedic Society and during his fellowship he won the EOA/OREF Fel
low Award, in recognition to his outstanding scientific contribution to the Eastern Orthopedic Association. Dr. Hernandez has de
voted himself to advancing the field of orthopaedic surgery and has contributed over 30 original, peer-reviewed scientific articles to 
medical literature and has authored book chapters in orthopaedic surgical texts. His research has been showcased in regional, na
tional and international orthopaedic scientific meetings on over 150 occasions. Dr. Hernandez is a member of the American Acad
emy of Orthopaedic Surgeons, the American Association of Hip and Knee Surgeons, and the Alpha Omega Alpha medical society. 
His office locations include the University of Miami Hospital, UHealth at Kendall, and Jackson South. 

Visit Dr. Hernandez’s Website 

Connect with Dr. Hernandez on LinkedIn 

Visit the Open Payments Data Page for Dr. Hernandez 

Conflicts of Interest Statement for Dr. Hernandez 

Richard Bolander, PhD, is the Vice President of Research and Development at TracPatch Health. He is an end-to-end developer of 
wearable devices, specializing in algorithm creation and data science techniques. His current research is focused on developing im
pactful metrics that empower patients and providers to manage an array of pathologies and surgical interventions. 

Visit Richard Bolander’s Website 

Connect with Richard Bolander on LinkedIn 

Conflicts of Interest Statement for Ricahrd Bolander 

a 

b 

c 

d 

e 

f 

Mobbs, Ralph J, Tajrian Amin, S. David Stulberg, Jeffery M Kerina, Victor Hernandez, and
Richard Bolander. 2023. “Remote Monitoring Using Wearable Technology after Knee
Arthroplasty Using a Joint-Specific Wearable Device: A Prospective Cohort Study of 435
Patients with 6 Week Follow Up.” Journal of Orthopaedic Experience & Innovation 4 (1).
https://doi.org/10.60118/001c.72644.

https://www.linkedin.com/in/richard-bolander-ph-d-976b3b116/
https://doi.org/10.60118/001c.72644
https://neurospineclinic.com.au/%0A
https://www.linkedin.com/in/drralphmobbs/?originalSubdomain=au
https://irahkirschenbaummd.zenfolio.com/img/g726364793-o360905551.dat?dl=2&tk=4rpVphTDeFa2Q5InelidtLsebtgiTe8CZgrVLyT4eLs=%0A
http://neurospineresearch.org/%0A
https://irahkirschenbaummd.zenfolio.com/img/g96860471-o360905551.dat?dl=2&tk=1yb8dSY1Q7xhFmTXo2lUhFMNay4oMh-uME75Wvp-o-I=%0A
https://www.drstulberg.com/%0A
https://irahkirschenbaummd.zenfolio.com/img/g479847761-o360905551.dat?dl=2&tk=TRlzTAqEanmAxJ0l0XxVDTod7iqDzo1S8knmv8gI47c=%0A
https://openpaymentsdata.cms.gov/physician/1157586
https://openpaymentsdata.cms.gov/physician/291971
https://irahkirschenbaummd.zenfolio.com/img/g388687460-o360905551.dat?dl=2&tk=dElfOWoaAj_6ZM93rnoEAjsN6RgU2SiiYnJhq0C9SSg=%0A
https://doctors.umiamihealth.org/provider/Victor+Hugo+Hernandez/525364%0A
https://www.linkedin.com/in/victor-h-hernandez-md-msc-5106965a/
https://openpaymentsdata.cms.gov/physician/403270
https://irahkirschenbaummd.zenfolio.com/img/g793458991-o360905551.dat?dl=2&tk=8PYKBWgGzWaGcSBKIAw8DsBgHRJgWZ5qOCw974kYeEE=%0A
https://tracpatch.com/
https://www.linkedin.com/in/richard-bolander-ph-d-976b3b116/
https://irahkirschenbaummd.zenfolio.com/img/g87205964-o360905551.dat?dl=2&tk=7yW96CT1nmy3k_cihCe3uhwROm5X1e84A0fV_6QjrsM=%0A
https://doi.org/10.60118/001c.72644


Journal of Orthopaedic Experience & Innovation 
Vol. 4, Issue 1, 2023 

Introduction  
As wearable devices become more sophisticated, their application in monitoring the 
post-surgical recovery curve following Total Knee Arthroplasty (TKA) may be used to 
assist with rehabilitation and general care. While there is growing interest in this area, 
much of the research involves studies with small samples, non-pragmatic designs, and 
short monitoring periods. This study aims to characterize the progress and recovery 
kinetics of remote monitoring in the early post-TKA period, using many patients and 
across multiple surgeons and institutions. 

Methods  
Between June 2018 and June 2021, adult patients undergoing primary unilateral partial or 
total Knee Arthroplasty for end-stage knee osteoarthritis were preoperatively recruited to 
wear a remote monitoring system to track their recovery. Patients were provided with 
device education and knee specific surface sensors. The data collected by the sensors 
were transmitted to a smartphone application. Patients wore the surface sensors for a 
period as defined by their surgeon (2-, 4-, or 6-weeks duration). Primary measures were 
maximal daily flexion, minimal daily extension, and Total Daily Steps (TDS). Secondary 
outcomes were patient-reported pain scores. 

Results  
A total of 435 patients were recruited into the study. The primary outcomes of flexion 
and extension did not significantly differ from baseline, and TDS improved significantly 
from preoperative baseline to 6 weeks postoperative follow up. All metrics improved 
relative to surgical intervention relative to 6 weeks postoperative. 

Conclusions  
This study demonstrates that remote monitoring using knee specific surface sensors can 
capture the expected recovery kinetics following knee replacement surgery. The data 
provided, range of motion and total daily step counts can be used by providers to set 
expectations for recovery following intervention. Further work is required to compare 
surface sensor monitoring against standard post-surgical outcome measures to evaluate 
whether superior results may result from remote monitoring. 

INTRODUCTION 

Total Knee Arthroplasty (TKA) is a commonly performed 
procedure primarily used to manage refractory, debilitating 
end-stage knee osteoarthritis. Over 700,000 TKAs are per
formed annually in the US, with the procedure presenting 
a significant resource burden (Carr et al. 2012; Sloan, 
Premkumar, and Sheth 2018). Key operative aims include 
pain relief, restoration of mobility and independence, and 
the attainment of functional knee flexion and Range of Mo
tion (ROM) (Chiang et al. 2017). In addition to patient se
lection and surgical technique, these aims can be assisted 
by careful observation to identify complications early, reha
bilitation to achieve milestones, regular contact with care 
providers, and patient motivation and compliance with 
postoperative orders. 

Though an efficacious and safe procedure, several early 
postoperative complications may prevent these goals being 
realised, including surgical site infection and postoperative 
restricted flexion ROM (fROM). These may result in poor 
patient outcomes and dissatisfaction, as well as necessitate 
revision TKA (Chiang et al. 2017; Agarwal, Smuck, and Shah 

2017). Given the association between early postoperative 
ROM and longer-term ROM, the rapid attainment of ROM 
and avoidance of complications are desirable goals (Chiang 
et al. 2017). 

Remote patient monitoring may include technologies 
that enable the monitoring of patients outside of conven
tional clinical settings, such as in the home or remote ar
eas, which may increase access to care and decrease travel 
and healthcare delivery costs. Wearable technology, in ad
dition to telehealth, is a recent innovation applied to 
healthcare with the aim of providing continuous, objective 
and multi-modal health metrics, thereby improving patient 
and institutional outcomes. These technologies may allow 
for earlier and safer discharge from the hospital as well 
as the more pragmatic monitoring of patients in their ac
tual daily activities (Dias and Paulo Silva Cunha 2018). This 
may allow for the increased and earlier detection of com
plications, allowing for timely intervention and better out
comes, as well as may provide motivation for patients. A 
number of promising early reports have emerged, particu
larly for postoperative monitoring (Amin et al. 2021). 
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Traditionally, post-TKA patients are monitored using a 
practitioner-dependent combination of periodic office as
sessments, self-reported questionnaires, goniometry for 
ROM, and functional tests such as the Timed Up and Go. 
However, these are problematic given their subjectivity, in
frequency and poor correlation with actual daily activities 
performed by patients (Patterson et al. 2020; Small et al. 
2019). Complications may also be detected at these follow 
ups, eventually raised by patients or on presentation to 
an emergency room depending on severity (Chiang et al. 
2017; Ramkumar et al. 2019). The potential use of remote 
monitoring for post-TKA patients by reporting on novel 
methodologies and technologies as well as highlighting the 
feasibility of the technology, potential clinical utility, and 
positive stakeholder experiences have been described pre
viously (Patterson et al. 2020; Small et al. 2019; Ramkumar 
et al. 2019; Mehta et al. 2020; Youn et al. 2018; Sharifi Re
nani et al. 2020; Youn et al. 2020; Bini et al. 2019). However, 
these studies have generally had small samples, pilot and/
or non-pragmatic methodologies, and have not reported 
on the clinical utility of these technologies. The purpose 
of this prospective observational study was to assess the 
application of remote monitoring using wearable devices 
in the early post-TKA period by characterizing the overall 
progress and recovery kinetics of a cohort of 435 patients 
with multiple surgeons. 

MATERIAL AND METHODS 
STUDY DESIGN 

This prospective multi-centre, multi-surgeon study was 
conducted to assess application of remote monitoring using 
wearable devices in the early post-TKA period. All patients 
were provided informed consent for participation via the 
consent screen on the wearable device Patient app (de
scribed later). Patients did not receive compensation for 
their participation. This study was reported using the 
STROBE Guidelines for cohort studies and IRB approval was 
attained through Northwestern Memorial Hospital and the 
University of Miami. 

STUDY POPULATION 

All English-speaking adult patients (>21 years) scheduled 
to undergo elective unilateral primary TKA for end-stage 
osteoarthritis at participating institutions and treated by 
participating surgeons were deemed eligible for inclusion 
in the study. Exclusion criteria involved non-English speak
ing patients, patients undergoing bilateral or revision TKA, 
treatment for cancer as well a significant co-morbidity 

which may impact mobility including cardiorespiratory, 
gastrointestinal, haematological, and neurological patholo
gies. 

RECRUITMENT 

Eligible patients were recruited from June 2018 to June 
2021. Recruitment occurred through participating surgeons 
at their clinics. Potential subjects were informed on the 
pros and cons of participating in the study. The study aims 
were also provided to local physicians who were encouraged 
to refer suitable patients to the investigators for potential 
recruitment. All patients who agreed to participate in the 
study provided informed consent. All patients were in
formed that they could withdraw at any time with no com
promise to the quality of their care. Patients were not com
pensated for their participation. Participating patients were 
contacted preoperatively by a representative from the wear
able device company providing the equipment to educate 
them about how to use the equipment, including devices 
and phone application. Eligible patients agreeable to par
ticipation and did not have a suitable smartphone were pro
vided one for the duration of the study. 

WEARABLE MONITORING SYSTEM 

The TracPatch Duo Knee System (TracPatch Health; Sacra
mento, CA, USA) is composed of two wearable sensor units, 
each containing a 9 degree of freedom (DOF) inertial mea
surement unit (IMU) that incorporates 3 dimensions of lin
ear acceleration, angular velocity, and magnetometry. One 
device is placed on the thigh of the affected leg, approxi
mately 6-10 inches (15-25cm) above the affected knee joint 
line on the lateral side (Fig 1). The other device is placed 
on the shin of the affected leg, approximately 2-4 (5-10cm) 
inches below the tibial tuberosity on the lateral side. The 
devices are secured to the skin by means of a plastic carry
ing tray with fabric layer and medical grade adhesive. The 
tray is replaced approximately every two weeks, but the 
same location of the tray is confirmed by marking the skin 
with a marker using landmarks on the tray for consistent 
replacement of the carrier tray. Each night the devices are 
removed from the carrying tray and placed in a wireless 
charging tray. 

The IMU on each device samples between 30-50 Hz. The 
data from the shin unit is transmitted to the thigh unit via 
Bluetooth Low Energy (BLE) and fused with data from the 
thigh unit to calculate knee angle in the sagittal plane. The 
maximum and minimum knee angle values (which repre
sent the extreme values of flexion and extension, respec
tively) are calculated each minute and stored in the device’s 
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Figure 1. Example placement of the devices on the        
right side of the leg.      

flash memory. This is a passive process and will communi
cate the data to a handheld smart device (iOS or Android). 
A streaming mode is also used to provide real time feedback 
back for users to conduct a range of motion test (seated lift) 
and for conducting guided set and rep schemes for 6 exer
cises. 

Data from the IMU sensors are also used to count the 
number of steps taken each minute by the individual wear
ing the devices. The devices store maximum and minimum 
knee angle values and step counts for each minute that the 
device is worn, and that data can be uploaded to the Patient 
mobile application via Bluetooth low energy, by selecting 
the sync data command in the application. Data from the 
application is immediately uploaded to a database hosted 
on a secure cloud server. The data is reported to the patient 
using a patient mobile application as well as to a health
care provider mobile application and a web application. Ad
ditional features of the application are a series of surveys 
relevant to the to the TKA specialists, the ability to upload 
wound photos, the ability to rate their pain, and a HIPAA 
compliant telemedicine feature to allow the patient to com
municate with their provider. 

Click here to learn more about Zilretta        

STUDY METHODOLOGY 

All enrolled patients were preoperatively educated on the 
day-to-day use and upkeep of the remote monitoring sys
tem, including the skin-mounted monitors and the smart
phone application by a company support representative. 
General instructions included wearing the monitoring sys
tem whenever awake and not showering, as well as answer
ing the daily pain score questionnaire on the application 
and performing ROM tests and a series of exercises relevant 
to the TKA rehabilitation. The surgeons were additionally 
given access to and trained on the specific smartphone ap
plication designed for providers which allowed them to re
view their patient’s relevant data, including recent values 
and overall trends. All enrolled patients received postoper
ative monitoring, with the choice of preoperative monitor
ing and the durations of monitoring periods left to the dis
cretion of the patient’s surgeon. Standard TKA procedures 
were performed by all surgeons. Patients did not engage the 
remote monitoring system on the day of surgery and re
sumed, or began, from the following day. Standard postop
erative follow ups occurred according to the surgeon’s usual 
protocol. 

STUDY OUTCOMES 

The primary outcomes were flexion ROM (fROM) and Total 
Daily Step Count (TDS). Secondary outcomes were exten
sion ROM, patient-reported pain scores as well as early 
postoperative Surgical Site Infections (SSIs) and restricted 
fROMs requiring Manipulation Under Anaesthesia (MUA). 

STATISTICAL ANALYSIS 

Patients with a minimum of two weeks of preoperative and 
six weeks of postoperative data (per parameter) were in
cluded in the statistical analysis. To define overall recovery 
progress and kinetics, de-identified raw patient data were 
converted to weekly averages, including mean TDS, mean 
maximal daily fROM, and mean minimum daily extension 
ROM (eROM). All values were reported as mean (SD), as ap
propriate. 

To establish whether the devices were overall able to 
track the expected recovery kinetics with the established 
literature, paired samples t-tests were used to compare pre
operative baseline values with postoperative 6-week values. 
The threshold for statistical significance was set at a p value 
of 0.05. All statistical analyses were performed using Excel 
(Microsoft). All graphing was performed using Python Pan
das (Wes McKinney, Open Source) or Excel. 
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Table 1. Remote Monitoring Data for all patients.       

Preoperative Postoperative 

Parameters Total 
N 

N @ 6 
wks 

postop 

Baseline Wk1 Wk2 Wk3 Wk4 Wk5 Wk6 

Maximal 
ROM Goal 

Flex (°) 

419 186 104.1 ± 23.5 94.6 ± 
26.2 

84.6 ± 
21.1 

91.2 
± 

20.8 

95.4 
± 

19.9 

98.5 
± 

19.2 

101.5 
± 

18.6 

Minimal 
ROM Goal 

Ext (°) 

419 186 2.2 ± 11.1 3.5 
± 

9.8 

2.7 
± 

6.3 

2.4 
± 

6.1 

2.1 
± 

6.0 

2.1 
± 

6.6 

2.2 
± 

6.9 

Total Daily 
Steps 

(Steps/
Day)* 

435 435 3976.5 ± 
3532.1 

2604.0 
± 

3094.4 

2112.7 
± 

2066.4 

3288.8 
± 

2866.8 

4092.2 
± 

2853.7 

4486.3 
± 

3101.1 

4997.8 
± 

3637.1 

Note: Mean (± SD). * = significant difference in preoperative baseline to postoperative 6-week values, - = not performed. All values rounded to one decimal place. ROM* = Range of 
Motion. 

RESULTS 
PATIENT DEMOGRAPHICS AND MONITORING DATA 

A total of 435 patients were included in the study. The co
hort had an average age of 66 ± 13 years and was 66% fe
male. The average BMI was 29 ± 11. Operations to the right 
knee consisted of 57% of all surgeries. A total 6 surgeons 
performed all operations. The average monitoring duration 
was 2 weeks preoperatively and 6 weeks postoperatively. No 
wearable systems or sponsor-provided smartphones were 
damaged or lost during the investigation. 

REMOTE MONITORING DATA 

The primary wearable monitoring outcomes, fROM and 
TDS, generally improved over the defined study monitoring 
period (Table 1). Maximal daily fROM changed from a pre
operative mean value of 104.1° ± 23.5° ° to a low of 84.6° 
± 21.1° in postoperative week 2, before improving to 101.5° 
± 18.6° at 6 weeks. TDS reduced from a preoperative mean 
value of 3976 ± 3532 steps per day to a low of 2112 ± 2066 
in postoperative week 2, before improving to 4997 ± 3637 at 
6 weeks postoperatively. TDS had the only significant dif
ference with a higher step count relative to baseline. 

The secondary outcome of patient-reported pain scores 
was not reported in detail in this manuscript as the input 
screens on the patient app were changed during the study, 
based on patient feedback and overall useability, resulting 
in incompatible or incomplete data. However, various case 
samples are included (Fig 2) as representative of the data 
that is currently collected using the patient app. 

COMPLICATIONS 

A total of 3 deep / prosthesis infections requiring surgical 
intervention occurred during the monitoring period. Infec
tive complications were managed by the treating surgeons 
and associated medical team through a combination of an
tibiotics and revision surgery. A total of 4 patients had ma
nipulation under aesthesia (MUA) during the monitoring 
period. All 4 patients continued to have favourable out

Figure 2. Examples of patient reported pain scores       
during the recovery phase post TKA based on patient          
input via the TPK App screen.       

Figure 3. Mean TDS for 435 patient cohort and        
complications sub-cohort.   

comes as demonstrated by their post-complication trend 
lines for primary outcomes and pain. The average data by 
metric for each cohort are reported by week along with 95th 

% confidence intervals are provided in Figs 3-5. 
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Figure 4. Maximal Daily Flexion ROM for whole cohort        
and complicated sub-cohort.    

Figure 5. Extension ROM Scores for 435 patient cohort        
and complicated sub-cohort.    

DISCUSSION 

This study demonstrates the feasibility of using remote 
monitoring via periarticular wearable devices to monitor 
patients after TKA to assess overall progress and recovery 
kinetics using a large cohort of patients (n=435) from mul
tiple surgeons (n=6) and institutions (n=4). The primary 
outcomes demonstrated both postoperative recovery (fROM 
and TDS) as well as surgically gained improvements over 

Click here to learn more about BioBrace        

pre-operative function (TDS). Although the fROM at 6 
weeks postoperatively was still marginally under the pre
operative value (preoperative mean value of 104.1° ± 23.5° 
to 101.5° ± 18.6° at 6 weeks postoperatively), a significant 
difference from baseline was not observed. Chiang et al. re
port that knee ROM post-TKA almost returned to pre-sur
gical baseline by 6 weeks postoperatively, though consid
erable variation in the rate of improvement was apparent 
(Chiang et al. 2017). A fROM of 100° is generally seen as a 
functional and minimum satisfactory ROM, with failure to 
attain this being the most frequent post-TKA complication 
and a major cause of patient dissatisfaction. 

Ramkumar et al. found that TDS, described as “mobility” 
in their study, returned to baseline within 6 weeks post
operatively (Ramkumar et al. 2019). In this study, TDS in
creased significantly over the preoperative level (preoper
ative mean value of 3976 ± 3532 steps/day to 4997 ± 3637 
at 6 weeks postoperatively). The TDS improvements may be 
due to the protocol of this study where patients were able 
to perform daily exercises which are embedded within the 
patient application. 

While many cohort studies using wearable monitoring 
postoperatively report incremental improvement to activity 
levels from baseline up to 1 year postoperatively, there is 
a lack of research demonstrating the different patterns of 
improvement and their clinical utility. As Small et al. dis
cuss, a widely-accepted and well-evidenced target recov
ery curve is necessary, so that clinicians and patients have 
a reference and aid throughout the recovery and rehabil
itation process (Small et al. 2019). The concept of moni
toring day to day recovery using objective measuring tools 
has been discussed in the past using spinal interventions 
(Mobbs and Betteridge 2020), though this is a relevant con
cept for any intervention, including TKA as demonstrated 
with this dataset. In this manner, wearable technology may 
allow for a more objective and quantified demonstration of 
the attainment of surgical goals. 

Patients anecdotally reported that the device was mo
tivating and assisted with goal setting, rehabilitation as
sistance and a perceived enhanced connection with their 
treating surgeon, though a minority found the adhesives 
and device uncomfortable. Patient scoring through the end 
of care survey was high in the areas of patient satisfaction, 
patient compliance, patient motivation, and patient refer
ral, however this will be subject to a future publication. 
Patients with sub-optimal outcomes were particularly less 
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amenable to continued monitoring and participation in the 
study. This is in keeping with the findings of Ramkumar et 
al. regarding patients exhibiting poorer engagement with 
monitoring also demonstrated poorer outcomes, namely 
failing to achieve a fROM of 90° by 2 weeks (Ramkumar et 
al. 2019). 

LIMITATIONS AND FUTURE RESEARCH 

As a prospective proof-of-concept cohort study, the primary 
limitations include a lack of a control arm and the het
erogenous monitoring durations for patients, as different 
surgeons preferred different monitoring time periods from 
2 to 6 weeks postoperative. The study also had a low num
ber of complications, which resulted in not being able to 
draw conclusions in differences in recovery relative to non-
complicated patients. The postoperative monitoring period 
was also relatively short where continued improvements 
were expected beyond the 6 week time point. Ramkumar 
et al. demonstrated TDS exceeding baseline by 30% and a 
mean fROM of 119° by 3 months postoperatively, which 
is suggestive of considerable ongoing functional improve
ment (Ramkumar et al. 2019). Further research should fo
cus on an acceptable and clinically relevant time period for 
objective patient monitoring. 

It was reported in the methods sections that the devices 
continuously monitor leg position throughout the day 
when the patient is wearing the devices. This allows for the 
ability to understand the recovery kinetics of patients daily 
and not at defined timepoints in clinic or at the PT clinic. 
In future studies we will provide insights into the role of 
continuous monitoring for baselining and tracking recovery 
of patients following total knee arthroplasty. Such tracking 

measures could be useful for early identification of high risk 
patients for conditions such as arthrofibrosis. 

Researchers should build on these findings with studies 
similarly conducted at a large scale and in a clinically rel
evant manner, ensuring a control arm, ideally randomised 
trials comparing remote monitoring with standard moni
toring protocols, as well as a rigorously defined monitoring 
duration and protocol. Impact analysis, including of patient 
outcomes and institutional net costs (factoring in poten
tially earlier discharges and minimisation of the severity 
and progression of complications) should also be consid
ered. The aims of such studies may also address how a com
bination of remote monitoring may supplement or be an 
adjunction for formal physical therapy and subsequent pe
rioperative costs of care. Additionally, protocols will need 
to consider other variables such as complexities (ex: opera
tive time) and operative plan (ex: cementation). 

CONCLUSIONS 

This study demonstrates the feasibility and prospect of 
clinical utility for remote monitoring of patients following 
Total Knee Arthroplasty using a large cohort of prospec
tively monitored patients. The data provided, range of mo
tion and total daily step counts can be used by providers 
to set expectations for recovery following intervention. Fur
ther work is required to comprehensively investigate the ef
fect of continuous monitoring with standard and/or hybrid 
measures for longer-term utility and the overall health and 
economic impacts. 
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