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Osteoarthritis (OA) of the knee is a progressive disease 

affecting approximately 15 million Americans, half of whom 

will eventually undergo total knee arthroplasty (TKA).1,2

To date, more than 754,000 TKA procedures 
are performed annually and predicted to rise  

to 1.27 million by 2025.3,4

The fastest growing TKA demographic is patients 
50 to 65 years of age, who account for over 40% of 
all procedures5-7 (Figure 1). These patients pose a long-

term challenge due to activity demands, extended follow-

up, and current limitations of implant survivorship.8-10 

Moreover, despite the effectiveness of TKA, 30% to 40% of 

patients report reluctance or unwillingness to undergo the 

procedure, which may be addressed by consultation with 

a surgeon and education on the procedure and expected 

outcomes.11-13

Post-operative complications (e.g., pain, stiffness, 

and swelling) are common following TK A, affecting 

over 50% of patients.14, 15 Despite advancements in 

surgical techniques and implants, post-TKA patient 

dissatisfaction has shown little improvement.21 With the 

ongoing shift from fee-for-service to pay-for-performance 

reimbursement in joint arthroplasty, patient experience—

and integration of patient-generated data—will be a key 

differentiator for healthcare providers.24-28

•	 In ~4% of patients, persistent knee stiffness 
requires manipulation under anesthesia 
(MUA), a procedure that can improve range of motion 

(ROM) if performed early (10-12 weeks);80,82,83 however, 

patients who undergo MUA are 2 to 3 times more likely 

to eventually require a revision TKA.16-18 

•	 Revision TKA, which accounts for ~8% of all 
TKA procedures, poses a substantial clinical burden to 

patients, particularly younger, active patients, who may 

require multiple revisions over their lifetime.7,8,19,20 

•	 Overall, 1 in 5 patients report dissatisfaction  
with their TKA procedures, with even higher rates 

(1 in 4) reported by patients <55 years.21-23 Despite 

advancements in surgical techniques and implants, post-

TKA patient dissatisfaction has shown little improvement 

over the previous 15 to 20 years.21 

TKA is associated with a considerable economic burden, 

as US hospital expenditures total nearly $30 billion 
annually.29 

Revision TKA is particularly costly, with higher hospital 

costs and healthcare resource use (HCRU) than primary 

TKA.30  Although hospitalization is a key driver of costs, 

post-acute care accounts for nearly half of total episode-of-

care costs,31-33 and traditional physical therapy (PT) services 

comprise ~80% of 90-day outpatient costs.34,35 

Figure 1

Changing Demographics5
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Reduced profit margins for TKA present an increasing 

challenge to hospitals, due to bundled payment models 

and reduced reimbursement rates.36,37 However, while 

implementation of bundled payment plans has decreased 

post-acute care costs, these costs still accounted for ~42% of 

total episode-of-care costs as of 2016.31 Initiatives to reduce 

post-acute care costs can require a substantial investment 

for providers (e.g., pre-operative protocol optimization, peri-

operative education, and interdisciplinary communication), 

but these costs are often not reimbursable.31,38

Evolution of the TKA care pathway, including the trend 

towards reduced length of stay (to a mean 1.7 days), the 

disproportionate burden of in-person rehabilitation, and 

increased patient demand for digital health services, 

highlights the need for more integrated and effective post-

TKA follow-up.19,27,32,39,40 Patients increasingly prefer and 

expect digital engagement in the healthcare setting, a trend 

To address the need for digital care pathways in joint arthroplasty, Zimmer Biomet has developed ZBEdge™ 
Dynamic Intelligence™ with the power to elevate and unlock the full potential of Zimmer Biomet's cutting-edge 
suite of integrated digital technologies, robotics and implant solutions.

MEANINGFUL CONNECTIONS TO UNLOCK INSIGHTS 
PRE-OPERATIVE CARE INTRA-OPERATIVE

Planning Software Omni™ Suitemymobility® Care 
Management Platform ROSA® Robotics OptiVu™ Mixed Reality mymobility® Care 

Mangement Platform
WalkAI™ Predicted  

Progress Exceptions

POST-OPERATIVE CARE

accelerated by the COVID-19 pandemic, but availability of 

these services has lagged demand.37,41-43 Effective digital 

care pathways can directly improve patient experience, a 

key driver of value-based reimbursement (e.g., comprising 

20% of the total Value-Based Purchasing [VBP] score under 

the CMS pay-for-performance reimbursement model), 

and impact outcomes that matter to patients, such as 

earlier discharge, home recovery, and earlier return to 

activity.24,41,42,44 Patient satisfaction also impacts physician 

satisfaction and retention,45,46 which is increasingly relevant 

as burnout rates among orthopedic surgeons approach 

70%, and streamlining daily workflow (e.g., via technology) 

offers a promising strategy for reducing burnout.47-50 From 

the provider perspective, bundled payments and value-

based reimbursement may further incentivize investment in 

technology with the potential to improve quality reporting 

metrics.51-53

•	 The mymobility® Care Management Platform connects providers with their patients for pre-operative engagement, post-

operative check-ins, and remote monitoring of metrics, such as mobility and gait quality, exercise adherence, and heart rate*.56 

Patients who used mymobility required fewer 90-day PT visits, readmissions, and ER visits versus those who received conventional 

engagement, with comparable clinical outcomes.58

•	 The ROSA® Robotics System is designed to enhance the accuracy and reproducibility of joint arthroplasty procedures by 

assisting with pre-operative preparation, bone resection, positioning of implant components. Connectivity features include 

an application programming interface (API) and digital recording/hand-off of applied resection techniques.59

•	 The OrthoIntel Orthopedic Intelligence Platform provides interactive and customizable reports for the data collected in 

ZBEdge, allowing clinicians to explore the direct impact of pre-operative and intra-operative data on outcomes.55

*Heart Rate Data is collected by Apple Watch® and is displayed in the mymobility app.

OrthoIntel Orthopedic 
Intelligence Platform

MEANINGFUL DATA
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Persona IQ, the latest digital innovation within 
ZBEdge Dynamic Intelligence, is a first-to-world 
smart knee implant that collects and transmits 
meaningful post-operative gait metrics.60,63 

Persona IQ features a 3D accelerometer and gyroscope 
designed to automatically capture objective kinematic 
data (Figure 2) for at least 10 years post-surgery, 
providing an adjunct to other physiological parameters 
assessed by the physician to support the goal of patient 
compliance.60,61 

The objective kinematic data from Persona IQ is 
automatically available and accessible through the 
mymobility Care Management Platform for both 
patients and providers to review post-operatively.

Connected digital TKA care pathway technologies also 

support remote patient engagement and collection of 

holistic healthcare data. This connectivity is particularly 

critical given that 90% of post-operative recovery takes 

place outside the purview of healthcare providers.62 

•	 Remote patient engagement prior to joint 
arthroplasty can significantly shorten post-operative 
length of stay (LOS) and improve patient compliance 
with follow-up, compared to conventional pre-
operative preparation.40,62 

•	 Remote guidance and follow-up after 
joint arthroplasty can significantly reduce 
rehospitalizations, complications, and costs (up to 
61% decrease)33 compared to standard in-person 
follow-up.40,63,64 

Patients report high satisfaction and compliance with  
remote monitoring, describing the devices 
as “motivating” and noting savings in time 
and money.65-67 Clinical parameters collected 
remotely by mobile sensors (e.g., gait variables) 
after joint arthroplasty procedures have also  
been found to correlate with patient satisfaction and  
patient-reported outcomes (PROMs).67-69 Thus, remote 
collection of post-operative data can facilitate analysis 
of patient recovery while streamlining follow-up care, 
reducing the burden on patients and providers.67-70

Zimmer Biomet is committed to maintaining patient 
privacy and ensuring data security. Patients and 
providers retain ownership of their own data, which 
is used only for agreed upon services and purposes 
compatible with providing those services. Patient 
and provider data is protected by robust safeguards, 
including encryption in transit and at rest, scheduled 
security risk assessments, and third party penetration 
testing.

ZBEdge has not been evaluated for clinical or economic outcomes, and none of the products in ZBEdge 
were utilized in the studies cited in this section. mymobility or Persona IQ were not evaluated in these 
studies as it relates to Remote Patient monitoring.

WARNING - The kinematic data from this device have not been demonstrated to have 
clinical benefit. It is not intended to be utilized for clinical decision-making, and no data 
have been evaluated by FDA regarding clinical benefits.
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2. Total Knee Arthroplasty Market

Key Takeaways:

◊	 Osteoarthritis (OA) of the knee is a progressive 
disease affecting approximately 15 million 
Americans, half of whom will eventually undergo 
Total Knee Arthroplasty (TKA).1,2

◊	 Utilization of TKA in the US continues to 
accelerate, with the number of TKA procedures 
predicted to rise from 754,000 in 2017 to 1.27 
million by 2025.3,4

◊	 Younger adults (<65 years of age) represent the 
fastest growing demographic, accounting for 
over 40% of all TKAs.5-7

◊	 Younger patients present a challenging 
demographic for long-term TKA outcomes,  
due to increased activity demands, the need for 
extended follow-up, and existing limitations of 
implant survivorship.8-10

◊	 Despite the effectiveness of TKA, approximately 
30% to 40% of patients report reluctance 
or unwillingness to undergo the procedure; 
consultation with a surgeon and education on  
the procedure and expected outcomes have 
been linked to increased patient willingness.11-1

2.1	 Epidemiology of Osteoarthritis

Osteoarthritis (OA) is the most common form of 
arthritis and a leading cause of disability in the US.71,72

•	 Approximately 15 million Americans are affected 
by symptomatic OA of the knee, including nearly 9 
million with advanced knee OA.2

•	 The overall prevalence of OA in the US is increasing, 
and this trend is expected to continue given aging  
and obesity projections.73

Knee OA is a progressive disease, and it is projected 
that approximately half of all patients will 
eventually undergo a TKA.1

•	 In 2017, more than 754,000 TKA procedures were 
performed in the US; by 2025, this number is 
predicted to rise to 1.27 million.3,4

•	 Approximately 30% to 40% of patients report 
reluctance or unwillingness to undergo TKA. 
Key factors contributing to willingness include 
understanding of the procedure, expectations for 
surgical outcomes (e.g., expecting a shorter hospital 
stay), and consultation with a surgeon.11-13

The overall incidence of TKA 
procedures is projected to rise to 1.27 

million by 2025.3,4

2.2	 Changing Demographics

Working age adults (18 to 64 years) account for over 
half of all patients with OA in the US.74

•	 The prevalence of knee OA increases with age, 
leading to a 9.3% cumulative risk of developing 
symptomatic knee OA by the age of 60.75

•	 The majority of patients with OA are between 18 
and 64 years of age (57.4%), totaling 18.5 million 
working age adults, and approximately 5.7 million 
with OA of the knee.74
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Utilization of TKA in the US continues to accelerate, 
and adults <65 years of age represent the fastest 
growing demographic, accounting for over 40% of all 
TKAs5-7 (Figure 3).

•	 Based on analysis of data from the Nationwide 
Inpatient Sample (NIS), TKA utilization increased 
dramatically in the US between 1999 and 2008, 
with utilization more than doubling among the 
overall population and tripling among individuals 
aged 45 to 64. In 2008, 43% of all TKA procedures 
(N=615,050) were performed in patients aged 18 to 
64 years.6

•	 Another study based on NIS data found that primary 
TKA utilization increased substantially in patients 
<65 years of age between 1993 and 2006, from 25% 
to 41%. Based on existing trends, patients <65 were 
projected to account for 55% of primary TKAs by 
2030.7

•	 Analysis of data from the Mayo Clinic Total Joint 
Registry (N=7,229) also showed an increase in 
the proportion of patients <65 years undergoing 
primary TKA over a period of 13 years (1993 
to 2005), from 22.4% to 31.9%. The proportion 
of patients <50 years of age also increased 
significantly, from 2.9% to 5.2% (p<0.001).5

•	 A US claims analysis reported a decrease in the 
mean age of patients who underwent primary TKA 
between 2007 and 2016 (from 68.3 years in 2007 to 
66.7 years in 2016; p=0.003).31

•	 Analysis of data from the Canadian Joint Replacement 
Registry indicated that the largest increase in TKA 
rates between 2006 and 2007 occurred in the 45- to 
65-year age group.76

Younger patients present a challenging 
demographic for long-term TKA outcomes, due 
to increased activity demands (e.g., return to work, 
sports, etc.) and the existing limitations of implant 
survivorship.8-10

TKA utilization has shown greater racial diversity in 
recent years, potentially reflecting improved access to 
care in under-served demographics.77

•	 A study assessing the national trends of primary TKA 
using the NIS database found that the proportion 
of TKA recipients who belonged to minority groups 
increased between 2009 and 2015 in the US:77

	è Black patients: 2.3% increase (p<0.001)

	è Hispanic patients: 1.7% increase (p<0.001)

	è Asian or Pacific Islander patients: 1.0% increase 
(p<0.001)

TKAs are increasingly performed in 
younger adults (<65 years) who require 

longer-term follow-up and support.

Figure 3

Changing Demographics5
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3. Clinical Burden of Total Knee Arthroplasty

Key Takeaways:

◊	 More than 50% of patients who undergo TKA 
experience post-operative complications (e.g., 
persistent pain, stiffness, and swelling,14,15 and 
up to 20% of patients report that their knee does 
not feel “normal,” commonly associated with mid-
flexion instability.78,79

◊	 Stiffness of the knee, a common post-TKA 
complication, requires manipulation under 
anesthesia (MUA) in approximately 4% of 
patients;18,80,81 this percentage increases to over 
10% in patients <45 years of age.16-18

◊	 MUA improves range of motion (ROM) if 
performed early, but function of the knee 
remains inferior to the general arthroplasty 
population.80,82,83

◊	 Patients who received MUA were 2 to 3 times 
more likely to undergo revision TKA18,81

◊	 Early causes of TKA failure have shifted 
from primarily implant-dependent to more 
surgeon-influenced mechanisms, which 
can be improved with surgical training, 
connected (intelligent) instrumentation,  
and access to real-time patient data.19,84-88

◊	 Revision TKA, which accounts for approximately 
8% of all TKA procedures, poses a substantial 
clinical burden to patients.7,8,19,20

◊	 The burden of revision TKA is particularly acute in 
younger, more active patients, who may require 
multiple revisions over their lifetime due to the 
survivorship limitations of TKA implants.7,8,20

◊	 Approximately 20% of patients report 
dissatisfaction with their TKA procedures, 
due to suboptimal clinical outcomes and poor 
alignment of outcomes with expectations; rates 
of dissatisfaction are higher in younger patients 
(<55 years of age), 25% of whom are dissatisfied 
following TKA.21-23

◊	 Despite advancements in surgical techniques and 
implants, little improvement has been observed in 
levels of post-TKA patient dissatisfaction.21

◊	 With the ongoing shift from fee-for-service to 
pay-for-performance reimbursement in joint 
arthroplasty, patient experience will be a key 
differentiator for healthcare providers.24,25

◊	 Integration of patient-generated data is critical to 
improving patient outcomes across the continuum 
of care,26-28 and remote patient monitoring, in 
particular, has demonstrated potential to 
holistically identify and manage post-operative 
risks following joint arthroplasty;28 however, 
gathering such data has been done in only a 
limited and investigational capacity.

3.1	 Post-operative Complications

Post-operative complications occur in more than 
half of TKA patients, ranging from persistent pain, 
stiffness, instability, and swelling, to surgical site 
infection, blood loss, and thromboembolism.14,15,79 

•	 A retrospective cohort study assessed electronic 
medical records of 1,552 patients who underwent 
orthopedic surgery in 2010 at the University of 
Michigan Health System. The most commonly 
reported adverse event in TKA recipients (n=252) 
was prolonged pain, which affected nearly one-third 
of patients.14

•	 Up to 20% of patients report that their knee does 
not feel “normal” following TKA, which is commonly 
associated with mid-flexion instability.78,79
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•	 An Australian registry study that retrospectively 
assessed data from 5,662 patients who underwent 
TKA between 2012 to 2018, showed that 53.6% 
of TKA recipients reported complications (14.4% 
major; 46.6% minor). Minor complications 
included joint stiffness (18.5%), swelling (15.6%), 
and paraesthesia (15.6%), while the most common 
major complications were arthroplasty-related 
readmission (6.0%) and reoperation (2.5%).15

	è Readmissions were due to infections (2.1%), 
manipulation under anesthesia (1.9%) and deep 
vein thrombosis (0.4%).15

	è Reoperations were due to joint stiffness (1.5%) or 
infection (0.5%).15

Stiffness is a common post-operative complication 
of TKA requiring MUA in approximately 4% of 
patients, a procedure often linked to suboptimal 
rehabilitation.18,80,81

•	 Reduced ROM at discharge (total ROM <90°) is 
treated with MUA80 in approximately 4% of TKA 
recipients.18,81

	è A Norwegian retrospective study of patients 
treated with MUA following primary TKA (n=23) 
reported a median total ROM at discharge of 
70°.80

	è A retrospective study of the Pearl Diver patient 
record database (Sambandam et al. 2022; 
n=232,014 patients who underwent TKA in the 
US between 2010 and 2018) reported that 3.9% 
of patients required MUA within 1 year.18

	è An earlier retrospective study of the Pearl Diver 
patient record database (Werner et al. 2015; 
n=141,016 patients who underwent TKA in the 
US between 2005 and 2011) reported a similar 
trend, with 4.2% of patients receiving an MUA 6 
months post-TKA.81

•	 MUA improves ROM, particularly if performed early, 
but function often remains inferior to the general 
arthroplasty population.80,82,83

	è A retrospective cohort analysis of patients who 
underwent primary TKA (N=4,581) at a specialist 
joint replacement center in the UK between 1996 
and 2006 evaluated the effectiveness of early 
(<20 weeks; n=56) vs late (>20 weeks; n=30) 
MUA, finding a significantly higher flexion gain at 
1 year post-MUA in the early MUA group vs the 
late MUA group 1 year (p=0.003).82

	è In the Norwegian retrospective study described 
above, total ROM was improved at a mean 2.5 
years following MUA (p<0.001), and regression 
analysis showed a significant correlation between 
time to MUA and subsequent improvement (i.e., 
earlier MUA improved outcomes); however, 
despite improvement in ROM, patients did not 
achieve normal knee function at follow-up.80 

•	 Patients who undergo MUA also report more pain 
than those who did not undergo MUA.89

	è A German retrospective study of patients treated 
with post-TKA MUA between 2009 and 2011 
(N=51) found that patients reported significantly 
more pain at 7 days following MUA than a 
matched-pair control group of TKA recipients 
who had not received MUA (p=0.018). At final 
follow-up (approx. 3 years post-TKA), fewer 
patients from the MUA group reported complete 
lack of pain vs the control group (28.1% vs 75.7%, 
respectively; p=0.001), significantly higher 
proportion of patients required pain medication 
(78.1% vs 16.2%, respectively; p<0.001).89

•	 Post-TKA stiffness and MUA are more common 
in younger patients, with MUA rates over 10% in 
patients <45 years of age.16-18

	è Based on the most recent US data (Sambandam 
et al. 2022), retrospective assessment of patients 
who underwent MUA within 1 year following 
TKA (n=9,156 patients) found that MUA rate 
decreased as age increased, with the highest 
MUA rate observed in patients aged 40 to 44 
years (11%) and the lowest MUA rate in patients 
aged 80 to 84 years (0.8%).18
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	è A prospective study using data from the 
Michigan Arthroplasty Registry Collaborative 
Quality Initiative registry of patients who 
underwent primary TKA between 2014 and 
2018 (N=3,556 TKAs) reported that the 
probability of MUA decreased by 4% for every 
1-year increase in age (odds ratio [OR]: 0.96; 
95% confidence interval [CI]: 0.94, 0.98; 
p<0.001), and did not differ by implant or 
fixation type.17

	è A retrospective review of the Mayo Clinic 
Total Joint Registry assessed the risk factors 
associated with stif fness post-TK A in 
patients who underwent TKA between 1990 
and 2016 (N=12,735); multivariate analysis 
identified younger age (<65 years) as one of 
the independent risk factors associated with 
stiffness post-TKA (adjusted hazard ratio [HR]: 
2.34; 95% CI: 1.86, 2.93; p<0.001).16

•	 MUA is a painful and costly procedure, often 
requiring general anesthesia, followed by 2 to 3 
days in the hospital on a continuous passive motion 
machine.80

Patients who undergo MUA after TKA have worse 
long-term clinical outcomes, worse implant 
survivorship, and nearly triple the risk of requiring 
a revision TKA.18,81,90,91

•	 Patients who received MUA were 2 to 3 times more 
likely to undergo revision TKA:18,81

	è Sambandam et al. 2002 reported that patients 
who received MUA ≤1 year following TKA were 
2.9 times more likely to undergo revision TKA at 2 
years of follow up (p<0.05), based on comparison 
of the MUA cohort (n=538) with the matched 
non-MUA cohort (n=194).18

	è An earlier analysis of the same database, Werner 
et al. 2015, found that patients who received 
post-TKA MUA were 2.4 times more likely to 
undergo revision TKA within 7 years vs non-MUA 
controls (p<0.0001).81

•	 A retrospective study of data from the American 
Joint Replacement Registry (2012 to 2019), in 
patients ≥65 years of age who underwent an MUA 
following primary TKA (n=3,918), reported that a 
total of 3.4% of patients required a revision after a 
median 9 months, most commonly for mechanical 
complications, infection, instability, or pain.90

•	 A retrospective analysis of US registry data from 
patients who underwent primary TKA between 
2003 and 2007 (N=2,790) demonstrated that 
additional MUAs significantly increased the risk of 
revision surgery (relative risk of 9.7 after 2 MUAs and 
27.02 after ≥3 MUAs; p<0.001 for both) at a mean 
follow-up of 9.7 years, and significantly decreased 
survivorship (89.4% vs 97.2% for MUA and non-
MUA, respectively; p<0.001).91

Post-operative complications are common 
following TKA, ranging from pain and 

instability to stiffness requiring additional 
procedures.

The most common reasons for TKA failure include 
aseptic loosening, instability, and infection.19,84,85

•	 Early causes of TKA failure have shifted from 
primarily implant-dependent (e.g., polyethylene 
wear) to more surgeon-influenced mechanisms; 
infection, instability, arthrofibrosis, and 
malalignment are early causes of TKA failure that 
could be improved with surgical training and 
instrumentation.19,84-87

•	 Surgeons currently lack access to real-time patient 
data that could aid in diagnosis and potentially 
improve outcomes.88

TKA is increasingly performed in the outpatient 
setting,19 which has been associated with an increased 
risk of peri- and post-operative complications in some 
studies.92,93
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•	 A retrospective study of data from the Humana 
subset of the Pearl Diver database compared 
patients who underwent outpatient TKA (n=4,391) 
and inpatient TKA (n=128,951) between 2007 and 
2015. After adjusting for age, sex, and comorbidities, 
outpatient TKA significantly increased the risk of 
noninfectious component revision (OR: 1.22; 95% 
CI: 1.01, 1.47; p=0.039), prosthesis explantation 
(OR: 1.35; 95% CI: 1.07, 1.72; p=0.013), irrigation 
and debridement (OR: 1.50; 95% CI: 1.28, 1.77; 
p<0.001), and stiffness requiring MUA (OR: 1.28; 
95% CI: 1.17, 1.40; p<0.001) at 1 year; similar trends 
were reported at 6 months. Additionally, the risk of 
post-operative deep vein thrombosis (DVT) (within 
60 days) and acute renal failure (within 14 days) were 
higher after outpatient vs inpatient TKA (OR: 1.42; 
95% CI: 1.25, 1.63; p<0.001 and OR: 1.13; 95% CI: 
1.01, 1.25; p=0.026, respectively).92

•	 A population-based study of patients who 
underwent TKA between 1997 and 2009 was 
conducted using data obtained from the Medicare 
5% Limited Data Set. Patient data were stratified 
based on length of stay (LOS): 1 to 2 days (n=7,755), 
3 to 4 days standard-stay (n=71,341), ≥5 days 
(n=23,134), and outpatient patients (n=454). The 
results indicated a correlation between outpatient 
TKA and increased risk of readmission within 90 
days (0.9%); a similar trend was observed with 
shorter-stay TKA (i.e., 1 to 2 day) and increased 
risk of revision (0.4%).93 The results indicated a 
correlation between outpatient TKA and increased 
risk of readmission within 90 days (0.9%); a similar 
trend was observed with shorter-stay TKA (i.e., 1 
to 2 day) and increased risk of revision (0.4%).93

3.2	 Burden of TKA Revision

Revision (rTKA), which accounts for ~8% of all TKA 
procedures, poses a substantial clinical and economic 
burden to patients, and revisions within three months 
are most common in younger patients.19

•	 Per the American Academy of Orthopaedic 
Surgeons-American Joint Replacement Registry 
(AAOS-AJRR) 2021 annual report, rTKA accounted 
for 7.8% of knee arthroplasty procedures in 2020, 
and this percentage has remained relatively stable 
over the previous decade.19

•	 rTKA performed in the first three months is most 
common in patients <50 years of age (0.6%), vs 0.4% 
in patients aged 50 to 59 years and 0.3% in patients 
aged 60 to 69 years.19

•	 According to two studies approximately one-third of 
all revisions occur within 2 years of primary TKA.85,86

	è 35.3% in ≤2 years; mean time to revision 5.9 
years85

	è 37.6% in ≤2 years86

•	 More than one-third of rTKAs require revision of all 
components.94

•	 Comorbidities (e.g., diabetes, obesity, coronary 
artery disease) add an additional clinical burden to 
many patients undergoing revision rTKA;95 based 
on a US retrospective study conducted between 
2005 and 2010, approximately 15% of patients 
undergoing rTKA have a severity of illness score 
(based on the number and severity of comorbid 
conditions) classified as “major”.96

Due to survivorship limitations of TKA implants, rTKAs 
are particularly burdensome for younger patients.7,8,20

•	 Based on pooled registry and case series data, 
primary TKAs have a 25-year survivorship of 82.3%.8

•	 Patients <65 years of age accounted for 48% of 
rTKAs in the US in 2010, projected to increase to 
nearly two-thirds by the year 2030.7,20

•	 The risks of rTKA are particularly pronounced in 
younger, more active patients, who may require 
multiple revisions over their lifetime.20

•	 TKA survivorship is further reduced with increasing 
number of revisions, as demonstrated by the results 
of a single-center German study (p=0.003; mixed 
model univariate test). TKA survivorship varied as 
follows:97
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	è Primary TKA to first revision: 53 months

	è First to second revision: 29 months

	è Second to third revision: 49 months

	è Third to fourth revision: 37 months

	è Fourth to fifth revision: 25 months

	è Fifth revision to follow-up: 23 months

Revision procedures are expected to 
become more prevalent with the changing 

demographics of TKA, increasing the 
clinical burden and risk to patients.

3.3	 Patient Experience and Satisfaction
An estimated 1 in 5 patients report 
dissatisfaction with their TKA procedure, driven by 
both suboptimal clinical outcomes and poor alignment 
of outcomes with expectations.21,22

•	 Key drivers of TKA dissatisfaction include the degree 
of improvement in function, degree of pain relief 
following surgery, and unmet expectations; notably, 
patients who were less active post-TKA were more 
likely to be dissatisfied.21

	è Pre-operative factors: Patient-reported function, 
pain, and mental health; delayed TKA21

	è Intra-operative factors: Implanting technique 
(amount of proximal tibial resection)

	è Post-operative factors: Patient-reported 
outcome measures (PROMs) and general health 
scores, pain, function, complications, and unmet 
expectations

•	 A Canadian cross-sectional study of patients who 
received primary TKA between 2001 and 2005 
(N=1,703) reported post-TKA dissatisfaction with 
aspects of pain relief (15% to 28%) and function 
(16% to 30%) in a sizeable proportion of patients. 
Key contributors to patient dissatisfaction included 
unmet expectation, a low 1-year Western Ontario 
and McMaster Universities Osteoarthritis Index 
(WOMAC)†, a low pre-operative WOMAC pain 
score when sitting or lying down, and complications 
resulting in hospital admission.98

•	 An Australian prospective cohort study of patients 
who underwent TKA between 2013 and 2015 
(N=1,017) noted that post-operative complications 
were significantly associated with patient 
dissatisfaction (OR: 3.4; 95% CI: 1.88, 6.13; p<0.001) 
and patient-rated TKA success (OR: 2.39; 95% CI: 
1.59, 3.57; p<0.001.99

•	 Parameters contributing to post-operative patient 
satisfaction include knee alignment, range of motion 
(ROM), and gait parameters (e.g., walking speed 
and flexion).26,100

	è The Patient Acceptable Symptom State 
(PASS) post-TKA has been determined to 
be 1.2 m/s for walking speed and 50° for 
maximal knee flexion100

•	 Despite advancements in surgical techniques and 
implants, little improvement has been observed in 
levels of post-TKA patient dissatisfaction.21

Younger TKA patients (<55 years of age) 
report even higher dissatisfaction rates (1 
in 4), correlated with persistent pain and unmet 
expectations.23

•	 In a prospective study of patients <55 years of 
age who underwent TKA between 2008 and 
2013 (N=157), 24.9% of patients were unsure or 
dissatisfied with their procedure at 1 year post-TKA. 
Based on multivariate analysis, significant predictors 
of dissatisfaction included poor pre-operative 
Oxford Knee Score (OKS), poor improvement in 
OKS, and post-operative stiffness; pain relief and 
met expectations were found to correlate highly 
with overall patient satisfaction.23

†	   WOMAC scores range from 0 (worst) to 100 (best).
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20% of patients report dissatisfaction 
following TKA, with dissatisfaction rates  

up to 25% in younger patients (<55 years).

With a shift from fee-for-service to pay-for-performance 
reimbursement in joint arthroplasty, patient experience 
will be a key differentiator for healthcare providers.24,25

Integration of patient-generated data throughout the 
care pathway is critical to improving patient outcomes 
across the continuum of care, but gathering such data 
has been done in only a limited and investigational 
capacity.26-28,101

•	 Physicians often overestimate pain and function 
outcomes relative to patients.26 In a retrospective 
study of 375 patients who underwent primary TKA 
between 2000 and 2009, results of the 2011 Knee 
Society Scoring System found that:26

	è Patient-derived function scores correlated 
weakly with physician-derived scores.

	è Patient-derived symptoms scores correlated 
poorly with physician-derived scores. 

•	 Patient Reported Outcome Measures (PROMs) are 
important measures that can be used to inform 
shared decision making, bridging the gap between 
which outcomes are considered important to 
surgeons vs patients.101

•	 Measurement of patient experience across the 
care pathway requires further standardization and 
validation.27

•	 Remote monitoring post-joint arthroplasty has 
shown the potential to identify and manage post-
operative risks (e.g., hypotensive symptoms) on a 
pilot basis, but the utility and integration of real-time 
clinical monitoring has yet to be fully realized.28
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4. Operational and Economic Burden  
	 of Total Knee Arthroplasty

Key Takeaways:

◊	 TKA is associated with an estimated $30 billion in 
hospital expenditures annually in the US.29

◊	 Although hospitalization is a key driver of TKA 
costs, post-acute care accounts for nearly half of 
total episode-of-care costs.31-33

◊	 Formal physical therapy (PT) accounts for up to 
8% of episode-of-care costs, with over 80% of 90-
day outpatients costs following TKA spent on PT 
services.34,35

◊	 Early initiation of rehabilitation, however, has been 
linked to shorter LOS and reduced total costs 
following joint arthroplasty.102

◊	 Reduction in post-acute care costs can require 
a substantial investment of provider time (e.g.,  
pre-operative protocol optimization, peri-
operative education, and interdisciplinary 
communication), but the costs of these initiatives 
are often not reimbursable.31,38

◊	 Reduced profit margins for TKA pose an 
increasing burden to providers, with bundled 
payment models and decreased reimbursement 
constraining revenue.36,37

◊	 While bundled payment plans have 
decreased post-acute care costs, 
these costs still accounted for ~42%  
of total episode-of-care costs as of 2016.31

◊	 Revision TKAs are significantly more expensive 
and associated with higher hospital costs and 
healthcare resource use (HCRU) than primary 
TKAs.30 

◊	 The annual economic burden of TKA revision in 
the US is $2.7 billion in hospital charges alone and 
is projected to exceed $13 billion by 2030.20,103

TKA is associated with a considerable economic burden, 
with annual US hospital expenditures of nearly $30 
billion.29

•	 Published calculations using Agency for Healthcare 
Research and Quality (AHRQ) data associated 
TKA with an estimated $28.5 billion in hospital 
expenditures in 2009.29

The economic burden of TKA is driven by both 
hospitalization and post-acute care costs, which 
account for nearly half of total episode-of-care 
costs.31-33

•	 Post-acute care costs (acute rehabilitation, skilled 
nursing, home health, outpatient clinic visits) 
represent the largest driver of variability in Medicare 
spending.104

•	 While bundled payment plans have decreased post-
acute care expenditures, these costs still accounted 
for ~42% of total episode-of-care 
costs as of 2016. In a retrospective analysis of 
the Humana claims database, among patients who 
underwent primary TKA between 2007 and 2016:31

	è Average episode-of-care cost per patient 
decreased from $46,754 to $31,856 (p<0.001)31

	è Average post-acute care costs decreased from 
$20,224 to $13,498 (p<0.001)31

	è The largest contributors to post-acute care costs 
were home health ($5,531 per patient), skilled 
nursing care ($3,248 per patient), and outpatient 
visits ($1,700 per patient), as of 201631

•	 TKA post-operative follow-up (e.g., in-person 
outpatient rehabilitation visits) results in a cost 
burden to both the provider and the patient.32,33
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•	 Reduction in post-acute care costs often require a 
substantial investment of provider time, including 
pre-operative protocol optimization, peri-operative 
education, and interdisciplinary communication; 
despite these initiatives, however, surgeon fees 
declined by $574 from 2007 to 2016.31

	è The costs of surgeon-led post-acute care 
initiatives are not reimbursable via fee-for-service 
models.

	è With an additional 9% cut in surgeon fees for 
primary joint arthroplasty implemented in 2021, 
these costs will increasingly be taken on by 
healthcare providers.38

Traditional physical therapy (PT) is a key driver of post-
acute care costs following TKA, with over 80% of 90-
day outpatient costs spent on PT services.34,35

•	 Both payers and patients incur substantial costs 
over the year following TKA, with the majority 
of costs attributed to outpatient PT.34 Based on 
a study evaluating 90-day and 1-year HCRU for 
patients who underwent TKA between 2013 and 
2017 (n=326):34

	è In the 90 days following TKA, the mean number 
of outpatient visits was 27.1, and 77% of these 
visits were for PT. Mean total medical costs 
were $3,720, 84% of which were attributed to 
outpatient costs.

	è Similar trends were observed in the year following 
TKA: the mean number of outpatient visits was 
48.9, and 70% of these visits were for PT. The 
mean total medical costs were $8,930, and of the 
outpatient costs (60%), 71% were attributed to 
PT visits.

•	 Formal PT accounts for up to 8% of the episode-of-
care (EOC) costs following primary arthroplasty.35

	è Based on a claims analysis of patients enrolled in 
a private insurance plan (n=2,971) or Medicare 
Advantage (n=1,070) who underwent primary 
arthroplasty between 2015 and 2017, the highest 
PT costs were reported in patients using both 
home and outpatient PT ($2,091 and $1,891 
for private insurance and Medicare Advantage, 
respectively, out of total bundle costs of 
$41,751.75 and $24,686.33).35

	è In the Virtual Exercise Rehabilitation In-home 
Therapy (VERITAS) trial, traditional PT was 
associated with median 90-day costs of $2,805.33

Delayed or inadequate rehabilitation may increase 
HCRU and costs following TKA.102

•	 A 2016 systematic literature review and meta-analysis 
of knee and hip arthroplasty linked early initiation 
of rehabilitation to shorter LOS and reduced total 
costs, compared with standard rehabilitation.102

Performing TKA in a hospital outpatient or ambulatory 
surgical center setting offers a less expensive 
alternative to inpatient TKA, but only in carefully 
selected patients.93,105

•	 Hospital outpatient and ambulatory surgical center 
TKAs were associated with significantly reduced 30- 
and 90-day costs in a commercial claims database 
study (n=40,574 TKAs)105

	è 30-day mean medical and pharmacy costs 
were $35,728 (inpatient TKA), $29,154 (hospital 
outpatient TKA), and $29,945 (ambulatory 
surgical center TKA) (P-value of analysis of 
variance: p<0.001)

	è Similar trends were observed for 90-day mean 
medical and pharmacy costs.

•	 Outpatient and short stay (1 to 2 days) TKAs produce 
substantial cost savings vs longer inpatient stays, 
but with an increased revision risk. Based on results 
from a population-based study of TKAs performed 
between 1997 and 2009 (Medicare 5% Limited Data 
Set), incremental payments for OA-associated costs 
were $8,527 lower in the outpatient TKA group 
(n=454) and $1,967 lower with the short stay TKA 
(n=7,755), relative to the standard stay (3 to 4 days) 
group (n=71,341).93
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•	 Based on multivariable analysis of data from patients 
undergoing joint arthroplasty (THA; N=112),  
pre-operative pain level and patient expectations 
were the primary drivers of LOS (p=0.001 and 
p<0.001, respectively),106 highlighting the need for 
improved patient engagement and the potential 
value of remote patient monitoring.106,107

Revision TKAs contribute disproportionally to the 
cost burden of TKA; revision TKAs are significantly 
more expensive than primary TKAs, with higher hospital 
costs and HCRU.30

•	 A US retrospective study of patients who underwent 
TKA between 2007 and 2009 (n=2,383) found that 
mean 90-day healthcare costs were nearly double 
for revision vs primary TKAs ($40,782 vs $22,194, 
respectively).30

•	 Based on NIS data from 2005 to 2006 (N=60,436 
revisions), revision TKA was associated with a mean 
LOS of 5.1 days and average total charges of $49,360. 
All-component revision was the most common 
type of revision (35.2%), followed by arthrotomy/
prosthesis removal (15.2%), and tibial component 
revision (9.5%).94

•	 A broader assessment of NIS data from 2005 to 
2010 (N=301,718 revisions) found that patients 
undergoing revision TKA required a mean (SD) LOS 
of 4.8 days (10.5) and a mean (SD) hospitalization 
cost of $23,130 ($36,643); the longest LOS and 
highest costs were associated with periprosthetic 
joint infection and fracture.96

•	 In a more recent study of NIS data (2009 to 2013; 
337,597 revisions), the mean LOS for revision TKA 
had decreased to 4.5 days, while the mean total 
charges had increased to $75,028.108

•	 Per the AAOS-AJRR 2021 annual report, while LOS 
for overall TKA has decreased over the last decade, 
LOS following revision TKA has stayed relatively 
steady (from mean 3.6 days in 2012 to 3.4 days in 
2010).19

•	 The cost burden of revision TKA is particularly 
high in older patients: a US single-center study 
of patients who underwent revision TKA between 
2018 and 2020 characterized factors that contribute 
to hospital costs in patients aged 60 to 69 (n=158), 
70 to 79 (n=94), and ≥80 (n=24), reporting that 
older patients undergoing revision TKA are more 
likely to require a longer stay (p<0.0001), inpatient 
rehabilitation, and/or discharge to a skilled nursing 
facility.109

	è LOS: 2.8 days (60 to 69 years of age), 3.4 days (70 
to 79 years of age), 3.8 (≥80 years of age).109

	è Inpatient rehabilitation: 1.9% of patients aged 60 
to 69 years, 8.5% of patients aged 70 to 79 years, 
8.3% of patients aged ≥80 years.109

	è Discharge to a skilled nursing facility: 12.6% of 
patients aged 60 to 69 years, 27.7% of patients 
aged 70 to 79 years, 75% of patients aged ≥80 
years.109

•	 While Medicare is the primary payer for the majority 
of revision TKAs (59.5%), private payers account for 
30.9%.94

In the US, the annual economic burden of TKA 
revision is $2.7 billion in hospital charges alone.20

•	 Based on a historical trend analysis using the NIS 
database, the number of revision TKAs was projected 
to increase by 7-fold from 2005 to 2030;103 even with 
a more conservative projection of a 5-fold increase, 
the annual economic burden would exceed $13 
billion by 2030.20
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Reduced profit margins for TKA pose an increasing 
burden to hospitals, with significant variability in 
risk-adjusted costs observed by specific region and 
hospital.36,37

•	 Hospital revenue from TKA has decreased over 
time in the US, largely due to Managed Medicare 
reimbursement rates. Based on a Lahey Clinic 
analysis of primary TKAs conducted between 1991 
and 2008:36

	è Inflation-adjusted hospital revenue decreased 
by 8% per case for Medicare Fee-for-Service 
patients.

	è Inflation-adjusted hospital revenue decreased by 
22% per case for Managed Medicare patients.

•	 Adoption of bundled payment models and reduction 
in reimbursement rates contribute to increasing 
revenue constraints.37

•	 Considerable variation in risk-adjusted episode 
payments, post-acute care utilization, and 
readmission rates is observed between hospitals, 
with high and low-performance outliers comprising 
up to 30% of hospitals in a given region.110

TKA and revision TKA pose an increasing 
revenue challenge to providers in the 
context of bundled payment models.
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5.	 Evolution of the Digital Care Pathway

Key Takeaways:

◊	 Length of Stay LOS following TKA has decreased 
steadily over time (to a mean of 1.7 days), 
highlighting the need for more integrated and 
effective post-TKA follow-up.27,39,40

◊	 Data-driven devices and and remote patient 
monitoring platforms have the potential to 
reduce or replace hospital-based rehabilitation, 
decreasing the burden of routine follow-up on 
patients and providers.32,70

◊	 Patients increasingly prefer and expect digital 
engagement in the healthcare setting, a trend 
accelerated by the COVID-19 pandemic, 
but availability of these services has lagged 
demand.37,41-43

◊	 The COVID-19 pandemic has also accelerated an 
existing shift towards outpatient joint arthroplasty, 
and highlighted the demand and necessity for 
remote patient monitoring.37,43

◊	 Value-based payment reforms to Medicare 
reimbursement aim to incentivize quality and 
advancement of care and have become a key 
consideration for hospitals and ambulatory 
surgery centers.111

◊	 Effective digital care pathways can directly 
improve patient experience, a key driver of value-
based reimbursement (e.g., comprising 20% of the 
total Value-Based Purchasing [VBP] score under 
the CMS pay-for-performance reimbursement 
model), and impact outcomes that matter to 
patients, such as earlier discharge, recovery in 
home setting, and earlier return to usual activity 
levels.24,41,42,44

◊	 Patient satisfaction further impacts physician 
satisfaction and retention,45,46 which has become 
increasingly critical as burnout rates among 
orthopedic surgeons have increased to nearly 
70%.47,48

◊	 Bundled payments and value-based 
reimbursement models in joint arthroplasty 
may further incentivize hospital investment in 
technology that offers the potential to improve 
quality reporting metrics.51-53

Several aspects of the TKA care pathway (e.g., the 
trend towards reduced LOS, the burden of in-person 
rehabilitation visits, and increased patient demand for 
digital health services) highlight the need for more 
integrated and effective post-TKA follow-up.32

•	 Length of Stay (LOS) following TK A 
has decreased steadily over time (to 
a mean 1.7 days); while this trend  
is consistent with patient preferences, it leaves a 
gap in post-TKA follow-up and support.27,39,40

	è A US retrospective study of the National Surgical 
Quality Improvement Program (NSQIP) assessed 
the overall LOS trend in patients who underwent 
TKA between 2006 and 2016 (N=221,764). 
Patient data was stratified into 3 cohorts (2006 
to 2009, 2010 to 2013, and 2014 to 2016) based 
on the year of primary TKA. Multivariate analysis 
demonstrated a significant decrease in LOS 
(p<0.001) between 2006 and 2016, which was 
primarily attributed to rapid recovery protocols; 
shorter LOS was particularly prevalent in younger, 
healthier, and more functionally independent 
patients. A similar trend was observed in 
decreased operative time (p<0.001), likely due 
to advances in TKA surgical techniques (i.e., 
minimally invasive techniques) and potentially 
related to decreased LOS.39

	– Mean LOS: 3.7 days (2006-2009), 3.3 days 
(2010-2013), 3.0 days (2014-2016).

	– Mean operative time: 100 minutes (2006-
2009), 95 minutes (2010-2013), 92 minutes 
(2014-2016).
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	è Based on the AAOS-AJRR 2021 annual report 
(N=625,900 knee arthroplasties), mean LOS 
following TKA decreased from 2.9 days in 2012 
to 1.7 days in 2020.19

	è A US prospective study of patients who 
underwent primary TKA between 2015 and 2017 
(N=476) demonstrated significantly shorter post-
operative LOS in patients who utilized telephone-
based surgery preparation (mean LOS: 2.0 days) 
vs patients who received standard surgery 
preparation (mean LOS: 2.7 days; p<0.001).40

	è When surveyed, patients have shown a 
preference for shorter LOS following TKA; 
however, remaining doubts and concerns related 
to early discharge underscore the need for 
ongoing support.27

•	 Data-driven devices and services (e.g., remote 
patient monitoring) post-TKA have the potential 
to reduce or replace hospital-based rehabilitation, 
thereby decreasing the burden of routine follow-up.32

	è Traditional outpatient rehabilitation includes 
6 weeks of clinic-based appointments, with 
driving assistance required (as patients are not 
permitted to drive for 6 weeks post-surgery), 
and progression/regression (knee flexion and 
extension) measured using a standard hand-held 
goniometer.

	è Self-reported diaries pose a challenge in verifying 
patient compliance with prescribed home 
exercises.

	è Remote monitoring devices could provide more 
holistic objective and subjective assessments 
of patient progress (knee flexion/extension) 
and patient compliance, while mitigating 
lengthy hospital outpatient times, wait times, 
and the burden of patient travel associated 
with conventional hospital-based follow-up 
appointments.

Recent surveys have also shown that patients 
increasingly prefer and expect digital engagement 
in the healthcare setting, a trend accelerated by the 
COVID-19 pandemic.37,41-43

•	 High patient demand exists for digital healthcare 
(e.g., digital communication with their provider,  
monitoring their condition via an app), but availability 
of these services has lagged demand.41,42

•	 The 2020 Healthcare Consumer Study surveyed 
a total of 1,502 respondents in October 2020 to 
evaluate US consumers’ level of digital engagement 
and their expectations/standards. Results from this 
study demonstrated that patients (typically between 
the ages of 18 and 54):41

	è Prefer to interact through a patient portal.

	è Prefer online appointment scheduling.

	è Are likely to consider switching physicians if they 
lack digital services (e.g., touchless check-in, 
virtual care).

•	 The COVID-19 pandemic has further highlighted 
the demand and necessity for remote patient 
monitoring, accelerating the shift towards digital 
care pathways and digital health tools.37,43

	è The pandemic accelerated an existing shift 
towards outpatient joint arthroplasty.37

	è Use of and demand for Patient Engagement 
Platforms (PEPs) have also grown during the 
pandemic, a trend expected to continue post-
pandemic.43

	è PEPs enable remote patient monitoring and 
telemedicine, and also provide educational 
resources, at-home therapeutic alternatives, 
proactive and effective patient communication, 
and meaningful connections between patients 
and providers.43

	è PEPs enable rapid wound assessment via image 
sharing, which can lead to proactive treatment 
modifications.43

Effective digital care pathways can directly 
improve patient experience, a key driver of value-
based reimbursement, and impact outcomes that 
matter to patients (e.g., earlier discharge, recovery in 
the home setting, and earlier return to usual activity 
levels).24,41,42,44 
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•	 Connected digital pathways are critical to continuity 
of care, given that 90% of post-operative recovery 
takes place outside the purview of healthcare 
providers.62

•	 Patient experience as measured by the Press 
Ganey survey makes up 20% of the total Value-
Based Purchasing (VBP) score, which was 
implemented by CMS as a pay-for-performance 
reimbursement model. Factors that influence 
hospital rating include communication with 
nurses, communication about medications, staff 
responsiveness, and pain management.24

•	 Value-based drivers of surgical instrument 
purchasing include both surgical factors (surgeon 
preference, technique compatibility, prior training) 
and patient factors (disease-related improvement, 
safety, LOS, readmission/complication rates, quality 
of life [QoL] outcomes, and patient satisfaction).44

Value-based payment reforms to Medicare 
reimbursement, which aim to incentivize quality and 
advancement of care, have become a key consideration 
for hospitals and ambulatory surgery centers.111

•	 Joint arthroplasty has been an early target of value-
based reimbursement reforms, highlighting the 
importance of patient risk assessment and efforts to 
decrease complications.111

•	 While the overall volume of arthroplasty procedures 
has increased in the US over the past two decades, 
Medicare reimbursement to physicians has 
decreased across nearly all procedures (including 
TKA).115

	è Medicare reimbursement for primary TKA 
decreased by 17% from 2012 to 2017, while the 
reimbursement rate (payment to charge ratio) 
decreased by 14% across all TKA procedures.116

•	 Increased expenses and decreased physician fees 
have strained the finances of orthopedic surgery 
practices and this balance may grow increasingly 
difficult to strike.117

Patient satisfaction also impacts physician 
satisfaction and retention, which have become 
increasingly critical to orthopedic surgery 
practices.45,46, 112-114

•	 Burnout is reported in as high as 60% of orthopedic 
surgeons, increasing to nearly 70% during the 
COVID-19 pandemic.47,48

•	 A US cross-sectional survey study (N=155 physicians) 
conducted in 2012 assessed the impact of patients’ 
experience on physicians’ perception of overall job 
satisfaction and clinical practice. Of the physicians 
surveyed, 59% indicated that their compensation 
was linked to patient satisfaction and 78% reported 
job satisfaction was either moderately or severely 
affected by patient satisfaction.45

•	 Increased physician satisfaction is associated with 
decreased burnout and decreased risk of leaving the 
practice, based on the results of a prospective study 
of US physicians (N=168) between 2011 and 2014.46

•	 Streamlining daily workflow (e.g., by use of 
technology) has the potential to reduce burnout in 
orthopedic surgeons.49,50 

•	 Results from several US studies highlight that 
the rising demand for arthroplasty has coincided 
with a downward trend in arthroplasty specialists, 
indicating a potential future shortage.112-114

The trend towards bundled payments and value-based 
reimbursement models in joint arthroplasty may 
further incentivize hospital investment in technology 
that offers the potential to improve quality reporting 
metrics.51-53

•	 Success in a bundled payment model is based on 
the target price and the cost of the episode of care; 
however, aggressive target pricing and continuous 
efficiency improvements may be challenging for 
programs to maintain.52,53

•	 The shift towards outpatient TKA, which is not 
eligible for the CJR bundle, removes the healthiest 
and least costly patients from the bundle, and target 
prices may therefore underestimate the true cost.51

Effective digital care pathways have the 
potential to improve patient experience 

and reduce burnout in orthopedic 
surgeons.
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6. ZBEdge™ Dynamic Intelligence™  
	 Digital Care Pathway Solutions

Key Takeaways:

◊	 ZBEdge Dynamic Intelligence with the power to 
elevate and unlock the full potential of Zimmer 
Biomet's cutting-edge suite of integrated digital 
technologies, robotics and implant solutions.

◊	 The mymobility Care Management Platform 
connects providers and patients, and has been 
shown to significantly reduce PT visits compared 
to traditional follow-up; mymobility was also 
associated with reduced readmissions, emergency 
room visits, and surgery-related anxiety, with 
high patient satisfaction and clinical outcomes 
comparable to traditional follow-up.58,118

◊	 The ROSA Robotic Platform is designed to 
enhance the accuracy and reproducibility of 
joint arthroplasty procedures by assisting with 
pre-operative preparation, bone resection, 
and intra-operative positioning of implant 
components; connectivity features include an 
application programming interface (API) and 
digital recording/hand-off of applied resection 
techniques.59

◊	 ZBEdge also includes OrthoIntel Orthopedic 
Intelligence Platform that enables providers to 
explore the direct impact of pre-operative and 
intra-operative data on treatment outcomes.55

◊	 Persona IQ is a first-to-world smart knee 
implant that automatically collects and transmits 
meaningful post-operative gait metrics, 
integrating seamlessly into ZBEdge.60,61

◊	 Persona IQ features a 3D accelerometer and 
gyroscope designed to automatically capture 
objective kinematic data (e.g., functional ROM, 
stride length, step count, and step cadence) for at 
least 10 years post-surgery, providing an adjunct 
to other physiological parameters assessed by 
the physician and supporting the goal of patient 
compliance.60,61

6.1	 ZBEdge Dynamic Intelligence Solutions

ZBEdge Dynamic Intelligence with the power to elevate 
and unlock the full potential of Zimmer Biomet's 
cutting-edge suite of integrated digital technologies, 
robotics and implant solutions.

•	 The WalkAI™ Predicted Progress Exceptions is 
an artificial intelligence (AI) model that identifies 
patients who are off-track and at risk of a slow 90-
day post-operative recovery gait speed as early as 
15 days post-operatively compared to their matched 
cohort.

•	 Zimmer Biomet maintains robust practices to 
ensure that patient privacy is maintained, including 
strong safeguards to protect patient data such as 
encryption (applied in transit and at rest) and regular 
security risk testing.

ZBEdge Dynamic Intelligence with the 
power to elevate and unlock the full 

potential of Zimmer Biomet's cutting-edge 
suite of integrated digital technologies, 

robotics and implant solutions.
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*Heart Rate Data is collected by Apple Watch® and is displayed in the mymobility app.
§	 Patients must have Internet access and a text-capable mobile device or a compatible smartphone to use mymobility; not all smartphone app features are available 
with web-based version. Not all patients are candidates for the use of this product and surgeons should evaluate individually to determine which patients are 
appropriate for therapy at home. Apple, iPhone and Mac are registered trademarks of Apple, Inc. Google and Android are trademarks of Google, LLC.

Compared to your other medical and surgical 

experiences, how did the mymobility app affect the 

anxiety you felt with this surgical experience?6363%%

The mymobility® Care Management Platform 
connects providers with their patients  via a 
compatible mobile device (iPhone Devices with 
optional Apple Watch or Android Devices) or web-based 
application, providing pre-operative engagement, 
postoperative check-ins, and remote monitoring 
for metrics such as mobility and gait quality, patient 
engagement (e.g. exercise adherence, PROM survey 
adherence), and heart rate*.56

Use of mymobility has been associated with 
a reduction in PT visits, readmissions, and 
emergency room visits, with clinical outcomes and 
recovery of physical activity comparable to traditional 
follow-up, and patients reporting a better overall 
experience with reduced surgery-related anxiety.58,118

•	 In a randomized controlled trial of primary knee 
arthroplasty (N=452; 76.3% TKA), mymobility 
enabled TKA recipients to achieve a significant 
decrease in post-operative PT visits within 3 
months of follow-up compared to patients without 
mymobility (patients requiring ≥1 visit: 65.8% vs 
93.9% respectively; p<0.001).58 

	è TKA recipients who received mymobility were 
also observed to have a numerical decrease in 
90-day emergency room visits (3.1% vs 6.5%) 
and readmissions (3.1% vs 5.4%) compared to 
patients without mymobility.58

	è Clinically significant outcomes with mymobility 
(as assessed by 90-day ROM, Knee Injury 
and Osteoarthritis Outcome Score for Joint 
Replacement [KOOS JR], EQ-5D-5L, Single Leg 
Stance, Timed Up and Go test, and passive 
flexion) were noninferior to traditional care.58 

	è Step and stair counts were also collected through 
the mymobility Platform in this study, and 
revealed that approximately 50% of individuals 
using mymobility recovered their pre-operative 
step counts within 1.5 months post-surgery 
(baseline median 4,160 steps to median 4,504 
steps at 1.5 months), which continued to improve 
through 6 months post-surgery (median 5,517 
steps; p<0.001 versus baseline). Similar trends 
were observed for stair counts, with 64% 
returning to pre-operative levels within 3 months, 
and significant improvement from baseline at 6 
months (p=0.003). These recovery curves were 
noted to be similar to previously reported PROMs 
curves for patients following joint arthroplasty.118

•	 Users of mymobility were satisfied with their 
treatment, with 80% of individuals rating their 
treatment as better than previous medical/
surgical experiences, and 63% describing their 
surgery-related anxiety as better than previous 
procedures.56,119,120

8080%%
Compared to your other medical and surgical 

experiences, how did the mymobility app affect 

this experience?

PRE-OPERATIVE CARE INTRA-OPERATIVE

Planning Software Omni™ Suitemymobility® Care 
Management Platform ROSA® Robotics OptiVu™ Mixed Reality mymobility® Care 

Mangement Platform
WalkAI™ Predicted  

Progress Exceptions

POST-OPERATIVE CARE

OrthoIntel Orthopedic 
Intelligence Platform

MEANINGFUL DATA
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The ROSA® Robotics System is designed to enhance 
the accuracy and reproducibility of joint arthroplasty 
procedures by assisting with pre-operative preparation, 
bone resection, and intra-opreative positioning of 
implant components. Connectivity features include 
an application programming interface (API) and digital 
recording/hand-off of applied resection techniques.59

The OrthoIntel Orthopedic Intelligence Platform 
provides interactive and customizable reports for the 
data collected in ZBEdge, allowing clinicians to explore 
the direct impact of pre-operative and intra-operative 
data on outcomes.55

•	 The impact of pre-/intra-operative data (including 
hip-knee angle and joint laxity) on post-operative 
step counts and KOOS JR scores was explored in 
a retrospective study of patients who underwent 
ROSA robotic-assisted TKA procedures and used 
mymobility for follow-up (N=131, July 2020 to 
February 2021); although no significant associations 
were found between tightness and KOOS JR scores 
at follow-up, medial laxity in flexion <1 mm was 
associated with significantly decreased step counts 
at 6 weeks post-surgery (p=0.035).121

6.2.	Persona IQ Smart Implant 

•	 Persona IQ, the newest digital innovation within 
ZBEdge, is a first-to-world smart knee implant that 
collects and transmits meaningful post-operative 
gait metrics.60,6 Persona IQ combines the Persona® 
Knee System and the CANARY canturio™ te (CTE) 
Stem Extension with CHIRP™ Technology. 60,61

•	 Persona IQ is indicated for use in patients 
undergoing a cemented TKA procedure who are 
normally indicated for at least a 58 mm sized tibial 
stem extension. Objective kinematic data generated 
by Persona IQ are not intended to support clinical 
decision making.60,61

•	 Persona IQ features a 3D accelerometer and 
gyroscope as well as a 10-year lithium carb-
monofluoride battery and near-field antenna, which 
can transmit kinematic data (Figure 5).123

	è No GPS capabilities are included in Persona IQ.

•	 The 3D accelerometer and gyroscope measure 
kinematic outcomes such as functional ROM 
(including tibia and functional knee ROM), stride 
length, step count, and step cadence, as well as 
estimated distance traveled and average walking 
speed (based on step count, cadence, and stride 
length) (Figure 6).60
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WARNING - The kinematic data from this device have not been demonstrated to have clinical 
benefit. It is not intended to be utilized for clinical decision-making, and no data have been 
evaluated by FDA regarding clinical benefits.
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•	 3D motion analysis is considered the gold standard 
for knee kinematics, and 3D inertial gait data can 
provide insights into outcomes beyond 2D knee 
flexion/extension parameters, such as knee 
alignment and load distribution (which in turn are 
related to tibial insert wear).124,125

•	 Data from Persona IQ is wirelessly transmitted to 
a Home Base Station, which in turn automatically 
sends the data to a HIPAA-compliant Cloud 
Management platform over Wi-Fi.126 This automatic 
data transmission by Persona IQ ensures a consistent 
cadence of data collection and supports the goal of 
patient compliance (Figure 7).

•	 The objective kinematic data from Persona IQ is 
automatically available and accessible through the 
mymobility Care Management Platform for both 
patients and providers.

Persona IQ Contraindications

•	 The CTE stem extension is contraindicated for 
use in patients who are undergoing procedures 
or treatments at or in the proximity of the CTE 
using therapeutic ionizing radiation, which can 
result in shortened battery life or premature 
failure of electronic components. Damage to the 
CTE by therapeutic ionizing radiation may not be 
immediately detectable.60 

•	 The Zimmer Biomet Persona Knee System 
components are contraindicated for use in patients 
who have:60 

	è Previous history of infection in the affected joint 
and/or other local/systemic infection that may 
affect the prosthetic joint

	è Insufficient bone stock on femoral or tibial surfaces

	è Skeletal immaturity

	è Neuropathic arthropathy

	è Osteoporosis or any loss of musculature or 
neuromuscular disease that compromises the 
affected limb

	è A stable, painless arthrodesis in a satisfactory 
functional position

	è Severe instability secondary to the absence of 
collateral ligament integrity

Data Collection  
in Secure Cloud

PATIENT 
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DATA  
EXCHANGE
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Smart: Persona IQ incorporates 
built-in sensors to capture objective 
kinematic data over the course of 
patient monitoring and treatment post-
surgery, to act as an adjunct to other 
physiological parameters assessed by 
the physician.60,61

Connected: Data from Persona IQ 
integrates into the mymobility Care 
Mangement Platform, providing remote 
access for providers monitoring patient 
recovery and treatment post-surgery.60

•	 Provides a direct view of patient-level 
data for at least 10 years

•	 Supports the goal of patient 
compliance

Simple: Instrumentation and workflow 
for Persona IQ remains the same as the 
standard Persona® The Personalized 
Knee® implant, and kinematic data is 
collected automatically and provided to 
both providers and patients via an easy-
to-use interface on the mymobility Care 
Management Platform. 60
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7. Value of Connected Digital Care  
	 Pathway for Arthroplasty++

††	ZBEdge Dynamic Intelligence has has not been evaluated for clinical or economic outcomes, and none of the products in the ZBEdge Dynamic Intelligence  
	 were utilized in the studies cited in this section 

Key Takeaways:

◊	 Remote patient engagement prior to joint  
arthroplasty can significantly shorten post-
operative LOS and improve compliance with 
follow-up, compared to conventional pre-operative 
preparation.40,63

◊	 Remote guidance and follow-up after 
joint arthroplasty can significantly reduce 
rehospitalizations, complications, and costs 
compared to standard in-person follow-up.33,64

◊	 Collection of post-operative data via wearable 
sensors can facilitate robust analysis of patient 
recovery while streamlining follow-up care and 
reducing patient burden.67-70

◊	 Patients report high satisfaction and compliance 
with remote monitoring, describing wearable 
devices as “motivating,” and noting savings in 
time and money.62,66,67

Digital healthcare technologies such as telemonitoring 
and personalized healthcare programs have the 
potential to target underserved patient populations and 
create new markets where they previously did not exist, 
providing a competitive advantage for first-to-market 
technologies.127,128 Two key areas in which connected 
digital care pathways can add value to the TKA care 
pathway are remote engagement with patients and 
remote collection of data. 

7.1.	 Benefits of Remote Patient Engagement 

Remote patient engagement improves post-
operative compliance and provides increased 
independence for both patients and providers, 
reducing the constraints of traditional consultation and 
in-person visits.32,63

•	 In a US retrospective study of arthroplasty 
recipients (N=17,133, 2014 to 2017), patients who 
used a mobile app for post-operative follow-up 
were more engaged, with significantly higher 
PROMs compliance and post-operative log-in 
frequency, versus individuals who only used email 
for submitting questionnaires (p≤0.010 for all age 
categories)63

	è The highest levels of mobile app engagement 
were observed in patients aged 51 to 60, who 
had an average of 17 post-operative logins per 
patient through follow-up.63

	è The largest improvement in PROMs compliance 
was noted in patients aged 18 to 30, with a 44% 
increase in completion rates between patients 
with and without the app.63

Pre-operative remote engagement is viewed as helpful 
by the majority of patients undergoing orthopedic 
surgery, and can significantly shorten post-
operative LOS compared to standard pre-surgical 
patient engagement.40,64,129,130

•	 Compared to patients who received standard 
surgery preparation, telephone-based preparation 
(termed “prehabilitation”) enabled significantly 
shorter post-operative LOS (mean: 2.0 vs 2.7 days; 
p<0.001) and significantly fewer discharges with 
home assistance (42.8% vs 77.2%; p<0.001), in a US 
prospective study of 476 TKA recipients. Benefits 
in discharge disposition were also observed, with 
remote surgery preparation associated with:40
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	è Significantly fewer discharges with home 
assistance (42.8% vs 77.2%; p<0.001).

	è Significantly fewer discharges to home with 
health aide (21.1% vs 31.8%; p=0.04).

	è Significantly fewer discharges to a skilled nursing 
facility (1.8% vs 21.8%; p<0.0001). 

•	 A US survey of THA or TKA recipients who used a 
web/smartphone app for pre- and post-operative 
rehabilitation (N=207; 54% TKA) found that 80% 
of patients were satisfied with the app-based 
prehabilitation (mean overall satisfaction score of 
23.2 on a scale of 0 to 29), with 86% of patients 
reporting they would recommend the app to 
friends.129

•	 Patients who received remote follow-up in a 
randomized controlled trial of TKA or THA (N=55) 
rated their likelihood to recommend remote 
monitoring as a mean of 8.8 out of 10.64

•	 In a digital care feasibility study of patients 
undergoing spinal surgery (N=24), the majority of 
patients who received remote pre- and post-surgical 
engagement through a smartphone app reported 
the app to be helpful with both surgery preparation 
(88%) and recovery (66%).130

The majority of joint arthroplasty recipients who 
received remote follow-up reported they were 
motivated by the program, and the majority would not 
have preferred standard in-person outpatient visits.65,66

•	 In a survey of joint arthroplasty recipients in the UK 
who were monitored remotely through mail and 
telephone starting 6 weeks after the procedure 
(N=1,523; n=56 subgroup surveyed), 89% of patients 
reported they were “satisfied” or “very satisfied” 
with the remote follow-up program, and only 18% of 
patients reported they would have preferred typical 
in-person outpatient appointments. 86% of patients 
surveyed noted that remote monitoring saved them 
time and/or money, primarily due to transportation 
issues.62

•	 A pilot study that used remote patient monitoring 
via a wearable device to collect PROMs, kinematic 
data, and home exercise program compliance for 
patients undergoing primary TKA (N=25) found that 
all respondents at 3 months described the remote 
monitoring as “engaging” or “motivating”, and the 
mean daily compliance with home exercise was 
62%.62

Compared to joint arthroplasty recipients who received 
standard outpatient follow-up, remote guidance and 
follow-up was associated with significantly fewer 
complications and incurred significantly lower 
costs within 90 days of discharge.33,64

•	 TKA or THA recipients in the Anthem Blue Cross 
database (N=558, 45% TKA, 2011 to 2016) who 
received remote guidance and telemonitoring 
experienced significantly fewer complications 
(7.0% vs 15.3%; relative risk [RR]: 0.456; p=0.004) 
and incurred significantly less 90-day total costs 
per patient ($651.25 vs $1,307.77 [USD]; p=0.006) 
compared to joint arthroplasty recipients who 
received standard outpatient follow-up.64

•	 In the Virtual Exercise Rehabilitation In-home 
Therapy (VERITAS) trial, a randomized controlled 
trial that compared post-TKA outcomes with virtual 
PT (n=143) vs traditional home and/or clinic based 
PT (n=144), virtual PT was associated with a 61% 
reduction in total costs compared to standard PT 
($1,782 vs $4,527; p<0.001), driven both by fewer PT 
visits and reduced rehospitalizations.33

Joint arthroplasty recipients who received remote 
patient monitoring required significantly fewer 
rehospitalizations compared to those with standard 
follow-up procedures.33,63

•	 In a randomized controlled trial of patients receiving 
TKA or THA (N=242), patients who received 
remote follow-up experienced a significantly 
lower rehospitalization rate compared to standard 
follow-up (3.4% vs 12.2%; p=0.01) and a significantly 
reduced mean number of rehospitalizations (4.2 vs 
13.0; p=0.02).63

•	 In the VERITAS trial, significantly fewer total 
rehospitalizations within 12 weeks post-surgery 
were reported for TKA recipients who received 
remote PT compared to patients who received 
standard PT (12 vs 30; p=0.007).33
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Patients monitored remotely after joint 
arthroplasty have fewer complications  

and require fewer rehospitalizations 
compared to conventional follow-up.66

7.2.	 Value of Remote Data Collection

Sensors built into implant systems have been shown to 
provide useful data in the orthopedic space, allowing 
motion data to be collected under a wide variety of 
activities, and facilitating longer-term monitoring.131 
Accelerometers that can detect multiple dimensions 
also improve the precision and detail of collected data 
compared to single sensor measurements.132 Remote 
patient care can support a more holistic approach to 
post-TKA follow-up, aligning with the preference of 
surgeons to streamline follow-up care and reduce 
inefficiencies while reducing patient burden.70

•	 A survey of US surgeons who perform joint 
arthroplasty procedures (N=195 procedures, 45% 
TKA) reported that 72% of post-operative visits were 
rated as appropriate for remote follow-up instead 
of conventional in-person visits, and overall only 
67% of follow-up visits were rated as “worthwhile.” 
Surgeons generally noted that specific issues and 
problems warranted in-person visits, while routine 
follow-up appointments delivered less value and 
could be done remotely. 70

	è Conventional follow-up also burdens patients 
and caregivers; wait times, travel time/distance, 
and financial costs were the most commonly 
cited reasons for patient dissatisfaction with 
conventional follow-up appointments, which 
were estimated to require a mean of 5.35 person 
hours per visit (including friends and family who 
accompanied the patients). 46% of this time was 
being taken off work, leading to an estimated 
indirect cost of $68.85 per visit in lost wages.70

Post-surgical clinical parameters collected by 
mobile sensors (e.g., gait variables) correlate with 
patient satisfaction and PROMs.67-69

•	 Inertial gait variables measured from a wearable 
sensor correlated well with clinical variables 
including KOOS scores and Six-Minute WalkTest 
(6MWT) in a study of US TKA recipients (N=18); the 
authors noted the strength of this association, which 
was estimated to drive up to 89% of the variability in 
clinical outcomes.69

	è Gait variables accounted for 89.3%, 54.6%, 
70.3%, and 63% of the variance in KOS-ADLS 
(Activities of Daily Living Scale), KOOS-Pain, 
KOOS-Symptom, and of KOOS-QOL scores, 
respectively.

•	 In a study using a wearable mobility sensor to 
monitor the recovery of knee arthroplasty recipients 
who were aged 50 to 70 years and physically active 
(University of California Los Angeles [UCLA] activity 
score >5; N=6), higher running speed and improved 
maximum power of deceleration correlated with 
greater improvement of Knee Society Score (KSS) 
and Oxford Knee Score (OKS) from baseline vs 12 
months post-surgery.68

•	 In a pilot study of remote heart rate/blood pressure 
monitoring in patients who underwent outpatient 
joint arthroplasty (N=17), heart rate and/or blood 
pressure issues were detected in 5 patients, with 
all issues successfully resolved after following 
recommended hydration protocols. Overall, 
94% of patients (17/18) were compliant with the 
monitoring, and patients reported high satisfaction 
with using the device, with a mean satisfaction score 
of 8.94 out of 10 for ease of use, 9.67 out of 10 for 
home coaching, and 8.35 out of 10 for belief that 
the protocol improved patient safety. Among the 
patients who developed post-operative hypotensive 
symptoms (approximately 30%), remote monitoring 
allowed for implementation of hydration and delayed 
ambulation protocols, preventing potential adverse 
consequences associated with post-discharge 
hypotension (e.g., falls, fainting, peri-prosthetic 
fractures).67

Remote patient monitoring post-TKA is 
associated with high patient compliance 

and satisfaction.24,37,41-44
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Remote patient monitoring is currently reimbursed 
through Medicare on a monthly basis, including device 
supply for scheduled recordings and/or programmed 
alert(s) transmission to monitor the musculoskeletal 
system (CPT code 98977) and clinical staff/physician/
other qualified healthcare professional time requiring 
interactive communication with the patient/caregiver 
lasting ≥20 minutes (CPT code 98980). For more 
reimbursement resources, please see the coding 
guides available at https://www.zimmerbiomet.com/
en/support/reimbursement/coding-guides.html.

In summary, connected digital care pathways have 
the potential to reduce post-acute care costs, improve 
patient satisfaction and compliance, and alleviate the 
burden of post-TKA follow-up, while meeting increased 
patient demand for remote engagement and provider 
demand for actionable patient data.24,37,41-44 ZBEdge 
Dynamic Intelligence with the power to elevate 
and unlock the full potential of Zimmer Biomet's  
cutting-edge suite of integrated digital technologies, 
robotics and implant solutions.54-58,60,61
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