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Background: COVID-19 was a major disruptor in the United States throughput of total 
knee arthroplasty (TKA). After elective surgery resumed following initial suspensions, 
restrictions waxed and waned as COVID-19 waves peaked and ebbed. The specific impact 
of the pandemic on overall and outpatient TKA volume has not been fully studied. 
Purpose: Thus, this study aimed to observe how TKA volume and that proportion 
performed on an outpatient basis evolved through the pandemic. 
Methods: The PearlDiver database was utilized to identify patients undergoing elective 
TKA, from January 2018 to April 2021. Descriptive analysis was utilized to report the 
monthly changes in elective TKA volume and the proportion performed in the outpatient 
setting. A linear forecast analysis using historical data was utilized to determine the 
expected volume and proportion performed outpatient during the pandemic. This was 
compared to the observed case volume and setting. 
Results: Within 3 months following suspension of elective TKA, the total volume had 
returned to what was expected (Actual: 15,692; Expected: 15,586 (95% CI: 
13,345-17,738). During the third peak of the pandemic, volume decreased but returned to 
projections within 2 months (Actual: 16,227; Expected: 17,181 (95% CI: 14,540-19,823). 
The pandemic did not cause the proportion of outpatient cases to differ from 
pre-pandemic predictions. 
Conclusion: In this nationwide analysis, the pandemic was not shown to have a lasting 
effect on TKA volume. The shift toward outpatient TKA during the pandemic seems likely 
to have represented a transition which had already begun prior to March 2020. 

INTRODUCTION 

The World Health Organization (WHO) declared SARS-
CoV-2 (COVID-19) a worldwide pandemic on March 10th, 
2020 (Cucinotta and Vanelli 2020). In the brief period im
mediately after this announcement, the United States Sur
geon General recommended cancellation of all elective 
surgeries. The Centers for Medicare & Medicaid Services 
(CMS) and the American Academy of Orthopedic Surgeons 
(AAOS) soon supported this recommendation (Brown et al. 
2020). 

A survey among American Academy of Hip and Knee 
Surgeons (AAHKS) found that 92% of hospitals had stopped 
performing elective arthroplasty by April 2020 (“AAHKS 
Surveys Members on COVID-19 Impact” 2020). The Annual 
Joint Report Registry’s (AJRR) 2020 report corroborated this 
reduction. Between January to April 2020, hip and knee 
procedures performed in hospitals decreased 89% and those 
performed in ambulatory surgical centers (ASC) decreased 
96% (American Joint Replacement Registry (AJRR): 2020 An
nual Report 2020). This suspension led to dramatic backlogs 
in arthroplasty cases. The proposed catch-up time was cal
culated to range from 9 months to 35 months from April 
2020 (Wilson et al. 2020). Even with the lifting of the sus
pension, a continued backlog was anticipated to persist due 
to staffing shortages and supply chain challenges. 

Furthermore, the reduction in elective TKA caused by 
the pandemic came at a time when TKA was increasingly 
being performed in the outpatient setting. CMS removed 

total knee arthroplasty (TKA) from the inpatient only list 
in January 2018 (The Federal Register 2017). Following this 
decision, there was a rapid transition toward outpatient 
TKA. Studies have shown the cost-savings of outpatient 
arthroplasty with minimal effect on complications (Jain, 
Jain, and Aggarwal 2020; Smith et al. 2021). Many viewed 
the COVID-19 pandemic as a catalyst for the transition to 
outpatient arthroplasty because it was thought to poten
tially reduce patients’ exposure to COVID-19 and helped to 
relieve the financial burden associated with the loss of vol
ume at the onset of the pandemic (Gleicher et al. 2021). 
However, changes in overall and outpatient TKA volume 
throughout the recovery from the COVID-19 pandemic re
main poorly understood. 

Therefore, the purpose of this study was to observe how 
the overall and outpatient TKA volume changed throughout 
the period spanning the COVID-19 pandemic. We hypoth
esized that there would be a slow transition to normal 
volume, with disruptions caused by restrictions coinciding 
with spikes in COVID-19 cases. Additionally, we expected 
to observe a rapid transition to outpatient TKA beyond 
what would have been predicted by pre-pandemic trends. 

METHODS 
DATABASE 

A retrospective analysis was conducted using the Pearl
Diver (Mariner Dataset) Database (10435 Marble Creek Cir
cle Colorado Springs, CO 80908). The Mariner dataset con
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tains over 150 million patient all payer claims information 
from January 2010 to April 2021. The dataset includes 
claims information from a variety of institutions including 
hospitals, skilled nursing facilities, outpatient rehabilita
tion facilities, ambulatory surgical centers, and clinic/office 
visits. PearlDiver only releases de-identified patient infor
mation. Therefore, this study was exempt from Institu
tional Review Board Approval. 

PATIENT SELECTION: INCLUSION/EXCLUSION 

Patients were identified if they underwent an elective TKA 
using Current Procedural Terminology Codes (CPT) 27447 
between January 2018 and April 2021. January 2018 was 
designated as the start date of the study because it cor
responded with the removal of TKA from the CMS inpa
tient-only list, which would otherwise confound the analy
sis of outpatient TKA volume. International Classification 
of Diseases (ICD) procedure codes were not used to identify 
TKA volume as they do not contain records of outpatient 
procedures. Patients were excluded if they were less than 
18 years old or if they underwent lower extremity arthro
plasty for non-elective indications such as malignant neo
plasms based on ICD 9/10 diagnosis codes (ICD-9-D-140, 
ICD-10-D-239, ICD-9-D-C00, ICD-9-D-D49). 

OBSERVED AND EXPECTED VOLUME 

Monthly TKA volume was observed from January 2018 to 
April 2021. The proportion of TKA performed on an outpa
tient basis was calculated for each month by dividing the 
number of TKA cases where the length of stay was zero days 
by the total TKA volume that month. 

To observe the change in monthly pre-pandemic volume 
and proportion of TKA performed in the outpatient setting, 
the rate of change for volume and proportion was calcu
lated using the compounded monthly growth rate (CMGR) 
based on the following equation: CMGR = (Y2 value/Y1 
value)^1/(Y2 – Y1)^ -1. Y1 is the first month of the analysis 
and Y2 is the final month. The CMGR is a validated metric 
of change that is commonly used to analyze trends due to 
its ability to reduce the impact of short-term fluctuations 
on overall trends (Eltorai et al. 2018). 

STATISTICAL ANALYSIS 

To observe the impact of the pandemic on the change in 
volume and proportion of TKA performed in the outpatient 

setting, historical data from January 2018 to February 2020 
was used as a baseline. A linear regression analysis control
ling for seasonal variation was conducted using this histor
ical data to predict the expected volume and proportion of 
outpatient TKA from March 2020 to April 2021. 95% Confi
dence intervals were included for the expected volume and 
proportion in the outpatient setting. If the observed vol
ume or proportion did not fall within the 95% confidence 
interval, it was determined that there was a statistically 
significant difference between the observed and expected 
volume or proportion for that month. Adjusted R2’s were 
used to evaluate the performance of the linear forecasting 
models. All analysis was performed in Microsoft Excel (Mi
crosoft Corporation 2018). 

SOURCE OF FUNDING 

No Funding was received in support of this study. 

RESULTS 
PRE-PANDEMIC: VOLUME AND CHANGE IN OUTPATIENT 
PROPORTION 

Between January 2018 to February 2020, the volume of 
elective TKA increased by 17.74% from 12,497 in January 
2018 to 14,715 in February 2020, with a CMGR of +0.63% 
(Figure 1 ;  Table 1 ). Between January 2018 to February 
2020, the percentage of elective TKA volume performed in 
the outpatient setting increased by 183.44% from 15.09% 
in January 2018 to 42.82% in December 2020, with a CMGR 
+4.09% (Figure 2 ;  Table 2 ). 

PANDEMIC: TKA VOLUME AND CHANGE IN OUTPATIENT 
PROPORTION 

A linear projection model using historical data from Janu
ary 2018 to February 2020 and controlling for seasonal vari
ation was created. The adjusted R2 for the model was 0.846. 
This model was conducted to identify deviations in the ob
served TKA volume from the model predictions during the 
pandemic. Between March 2020 to April 2020 (first wave 
of COVID-19 and Surgeon General recommendation), there 
was a significant decrease in TKA volume by 96.4% (Fig
ure 1 ;  Table 1 ). By June 2020, total TKA volume reached 
the expected number based on the linear regression model 
(Actual: 15,692; Expected: 15,586 (95% CI: 13,345-17,738; 
Figure 1 ;  Table 1 ). Between June and August 2020 (second 
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Figure 1. Primary Elective Total Knee Arthroplasty Volume from January 2018 to April 2021             
Green shading: Pre-pandemic Interval; Grey shaded region: 95% Confidence Interval for projection 

wave of COVID-19), there was a gradual but non-significant 
decrease in TKA volume by 7.7%. From October 2020 to Jan
uary 2021 (third wave of COVID-19), there was another sig
nificant decrease in TKA volume by 28.1% (Figure 1 ;  Table  
1). By March 2021, total observed TKA volume returned 
to the expected volume (Actual: 16,227; Expected: 17,181 
(95% CI: 14,540-19,823; Figure 1 ;  Table 1 ). 

A linear projection model was conducted to observe the 
change in the expected proportion of TKA volume per
formed in the outpatient setting during the pandemic. The 
adjusted R2 for the model was 0.991. Throughout the pan
demic interval, the observed proportion of TKA volume 

performed in the outpatient setting did not deviate from 
the expected proportion throughout the entirety of the 
pandemic (Figure 2 ;  Table 2 ). 

DISCUSSION 

Our study showed a significant decrease in TKA procedures 
below expected volumes, in the first and third waves of 
the pandemic. However, volume rapidly returned to the ex
pected level following these waves. Thus far, there has been 
no period in which a rebound effect was observed by which 
TKA volume significantly exceeded the expected level. Ad
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Figure 2. Proportion of TKA Volume Performed in Outpatient Setting from January 2018 to April 2021               
Green shading: Pre-pandemic Interval; Grey shaded region: 95% Confidence Interval for projection 

ditionally, the study found no significant deviation in the 
proportion of TKA cases performed on an outpatient basis 
compared to what would have been expected based on pre-
pandemic trends. 

The rate of change in volume during the pandemic we 
found during the pandemic is congruent with a prior study 
observing the national inpatient change in volume (Heck
mann et al. 2022). However, unlike our study, this study 
showed that arthroplasty volume still did not return to pre-
pandemic levels by December 2020 when compared to the 
average historical monthly inpatient volume from 2017 to 
2019. A notable difference of this study compared to ours 
is that there was no accounting for outpatient arthroplasty 
procedures. Following the CMS’ removal of TKA from the 
inpatient only list in January 2018, there was an increased 
transition of TKA to the outpatient setting. This study cor
roborated this transition, showing a 183.44% increase in 
the proportion of TKA performed in the outpatient setting 
from January 2018 to February 2020. Therefore, the utiliza
tion of inpatient only data is limited when assessing the 
change in current TKA volume. 

Nonetheless, we did not expect this rapid return in vol
ume to pre-pandemic numbers following the suspension. 
Studies published early in the pandemic predicted a per
sistent decrease in volume compared to historical projec
tions, with effects expected to last for years to come. One 
justification for this predicted persistent decrease was an 
increased prioritization of patient optimization and selec

tion for surgery to ensure high quality outcomes (O’Connor 
et al. 2020). The postoperative complications associated 
with readmissions can lead to excessive resource utiliza
tion, decreasing the supply of resources to COVID-19 pa
tients. Another rationale was a proposed decrease in pa
tient demand for TKA (Landy et al. 2020). A Google trends 
analysis showed that the public interest in knee replace
ments decreased during the pandemic. This was attributed 
to the fear of COVID-19 exposure and its associated com
plications among the general public. Lastly, as there was a 
backlog in all elective surgeries, there was an anticipated 
delay in returning to TKA volume as other non-arthroplasty 
surgeries would be prioritized by health systems and pa
tients (COVIDSurg Collaborative 2020). 

Despite these predictions and justifications, our study 
showed a rapid increase in arthroplasty volume back to 
normal expected pre-pandemic levels by June 2020. This 
is in line with recently published studies which have sug
gested that arthroplasty volume is returning to pre-pan
demic levels. Surveillance of AAHKS members showed that 
once elective surgeries were reinstated, most surgeons re
ported no restrictions on their surgeries and believed that 
they were adapting to the challenges of COVID-19 success
fully (Stambough et al. 2021). Although limited by their 
small sample of hip and knee volume, data from AJRR also 
showed a resumption in hip and knee volume to pre-pan
demic numbers by June 2020. The rapid return to pre-pan
demic levels was believed to be attributed to an increased 
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Table 1. Change in Total Knee Arthroplasty Volume from January 2018 to April 2021             

Category Actual: Volume Expected: Volume Expected: 95% Confidence Interval 

January 2018 12,497 - - 

February 2018 10,972 - - 

March 2018 10,734 - - 

April 2018 11,321 - - 

May 2018 11,711 - - 

June 2018 11,842 - - 

July 2018 11,177 - - 

August 2018 11,541 - - 

September 2018 10,884 - - 

October 2018 14,359 - - 

November 2018 12,775 - - 

December 2018 11,057 - - 

January 2019 15,426 - - 

February 2019 13,298 - - 

March 2019 12,464 - - 

April 2019 14,406 - - 

May 2019 13,490 - - 

June 2019 13,671 - - 

July 2019 13,764 - - 

August 2019 12,884 - - 

September 2019 14,028 - - 

October 2019 17259 - - 

November 2019 15,010 - - 

December 2019 14,915 - - 

January 2020 15,697 - - 

February 2020 14,715 - - 

March 2020 9,671 15,055 13,085-17,025 

April 2020 561 16,268 14,237-18,300 

May 2020 7,760 15,850 13,759-17,942 

June 2020 15,692 15,586 13,435-17,738 

July 2020 14,724 16,800 14,591-19,009 

August 2020 14,481 16,382 14,116-18,648 

September 2020 15,389 16,118 13,796-18,440 

October 2020 16,624 17,331 14,954-19,709 

November 2020 15,108 16,914 14,482-19,345 

December 2020 13,807 16,650 14,164-19,135 

January 2021 11,950 17,863 15,325-20,401 

February 2021 12,570 17,445 14,856-20,035 

March 2021 16,227 17,181 14,540-19,823 

April 2021 15,439 18,395 15,703-21,087 

transition from the inpatient setting to the outpatient set
ting as well as from hospitals to ambulatory surgical centers 
(ASC) (O’Connor et al. 2020). 

Outpatient arthroplasty offered many benefits in the 
pandemic period because it reduced hospital resource uti
lization and potential exposure to COVID-19 by patients. 

ASC’s also don’t have to compete for resources such as in
tensive care unit beds and ventilators, and staff, who were 
in limited supply at the beginning and peak of the pan
demic.. However, our study showed that the change in pro
portion of outpatient TKA followed the expected trajectory 
if the pandemic had not happened. 
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Table 2. Change in the Percentage of Total Knee Arthroplasty Performed in the Outpatient Setting from January                
2018 to April 2021     

Category Actual: Percentage Expected: Percentage Expected: 95% Confidence Interval 

January 2018 0.151 - - 

February 2018 0.173 - - 

March 2018 0.176 - - 

April 2018 0.176 - - 

May 2018 0.172 - - 

June 2018 0.169 - - 

July 2018 0.180 - - 

August 2018 0.188 - - 

September 2018 0.206 - - 

October 2018 0.217 - - 

November 2018 0.228 - - 

December 2018 0.231 - - 

January 2019 0.254 - - 

February 2019 0.283 - - 

March 2019 0.284 - - 

April 2019 0.300 - - 

May 2019 0.318 - - 

June 2019 0.326 - - 

July 2019 0.333 - - 

August 2019 0.337 - - 

September 2019 0.336 - - 

October 2019 0.344 - - 

November 2019 0.370 - - 

December 2019 0.377 - - 

January 2020 0.401 - - 

February 2020 0.428 - - 

March 2020 0.454 0.437 0.421-0.463 

April 2020 0.454 0.448 0.424-0.471 

May 2020 0.472 0.459 0.433-0.497 

June 2020 0.475 0.470 0.434-0.503 

July 2020 0.465 0.480 0.448-0.524 

August 2020 0.485 0.491 0.458-0.531 

September 2020 0.490 0.502 0.464-0.554 

October 2020 0.495 0.513 0.462-0.563 

November 2020 0.510 0.523 0.473-0.587 

December 2020 0.534 0.534 0.480-0.596 

January 2021 0.527 0.545 0.494-0.600 

February 2021 0.536 0.556 0.506-0.622 

March 2021 0.534 0.567 0.501-0.634 

April 2021 0.542 0.577 0.512-0.645 

There are several possible reasons that a proportional 
shift to outpatient TKA was not observed in the present 
study. First, at the onset of the pandemic, a substantial 
transition to outpatient arthroplasty was already underway 
following removal of TKA from the inpatient-only list in 

January 2018. Additionally, there are many patients who 
are not candidates for outpatient TKA. Reasons for this in
clude need for rehabilitation services to achieve sufficient 
ambulatory capacity to function at home, absence of social 
supports, and medical comorbidities requiring monitoring 
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in the inpatient setting (Moore et al. 2020). These factors 
limit the potential for rapid growth in the proportion of 
TKA surgeries performed on an outpatient basis. However, 
as initiatives such as pre-rehabilitation, optimization of 
preoperative comorbidities, and outpatient monitoring of 
TKA patients are more widespread, the patient population 
eligible for outpatient arthroplasty is expected to grow 
(Peacock et al. 2022). Nonetheless, the already observed 
transition to outpatient TKA following the CMS changes 
can explain how TKA volume was able to return to the ex
pected volume so quickly. 

This study has several strengths. This is the first national 
database study to observe the change in knee arthroplasty 
volume during the COVID-19 pandemic until April of 2021. 
Additionally, this is the first study that can observe and 
comment on the change in outpatient arthroplasty as many 
databases are limited to only inpatient data. There are also 
limitations to this study, mostly attributed to the utiliza
tion of the national insurance claims database. PearlDiver 
is limited to the utilization of billing codes and thus relies 
on the accurate coding of these diagnoses and procedure 
codes. Additionally, we are limited to the codes and filters 
provided by PearlDiver. Among these filters, we are unable 
to extrapolate socioeconomic status among patients. Ad
ditionally, although PearlDiver contains information from 
ambulatory surgical centers, the database is unable to filter 
based on location of services. Future studies can observe 
whether there was any increase in the utilization of am
bulatory surgical centers during the pandemic. This study 
only observed the impact of COVID-19 on TKA and not to
tal hip arthroplasty (THA). Many studies have been com
bining these two procedures as their volume typically fol
lows each other. However, we did not observe the change in 
THA volume as the ruling by CMS to remove THA from in-
patient only list directly overlaps with that of the COVID-19 
pandemic. Therefore, we would not be able to discern any 
changes related to the pandemic or the CMS ruling specifi
cally. 

CONCLUSION 

This study showed a rapid return to pre-pandemic TKA 
volume following the suspension of elective surgeries in 
March of 2020. No rebound increase in TKA volume was ob
served over the study period. The transition toward outpa
tient TKA continued during the observed pandemic period, 
though growth was in line with projections from the pre-
pandemic period. 
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