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Abstract
Introduction: The coronavirus disease 2019 (COVID-19) pandemic strained the United States healthcare
system, and associated policies resulted in the postponement or cancellation of many elective surgeries.
While most orthopaedic surgeons are aware of how the pandemic affected their patients’ care, broader
national trends in the operative treatment of orthopaedic knee pathology are poorly characterized.
Therefore, the purpose of this study was to identify trends in orthopaedic knee procedures during the
COVID-19 pandemic.

Methods: The TriNetX database was queried for orthopaedic knee procedures performed from March 2018 to
May 2021. Procedures were classified as arthroplasty (total knee arthroplasty (TKA), revision total knee
arthroplasty) or non-arthroplasty (tendon or ligament repair, fracture fixation). Procedural volume per
healthcare organization was determined over five seasons from March 2020 to May 2021 and compared to
overlapping pre-pandemic periods from March 2018 to May 2019. Descriptive analysis was performed, and
comparisons were made using a Student’s T-test.

Results: Compared to the pre-pandemic period, there were significant decreases in primary TKA (p=0.016),
femoral or entire tibial component revision TKA (p=0.005), and open treatment of femoral shaft fractures
(p=0.007) in spring 2020. Procedural volume returned to baseline in summer 2020 through winter 2021. In
spring 2021, primary TKA (p=0.017) and one component revision TKA (p=0.003) increased compared to the
pre-pandemic period.

Conclusion: The greatest decrease in knee procedures occurred early in the pandemic. Rates of these
procedures have since rebounded, with some exceeding pre-pandemic levels. Hospitals are now better able
to accommodate orthopaedic surgical volume while continuing to care for patients with COVID-19.

Categories: Infectious Disease, Orthopedics, Epidemiology/Public Health
Keywords: coronavirus disease 2019, current trends, orthopaedics surgery, knee arthroplasty, knee procedure, covid-
19

Introduction
First discovered in China in December 2019, coronavirus disease 2019 (COVID-19) quickly spread and
became a major public health emergency. On March 11, 2020, the World Health Organization declared
COVID-19 a global pandemic [1]. As of July 2021, over 33.5 million cases had been reported with over
600,000 deaths in the United States alone [2]. COVID-19 put great demands on the healthcare system as the
number of critically ill patients within hospitals increased. Many techniques, such as social distancing and
wearing of masks, were implemented throughout the country to decrease the spread of COVID-19. The
American College of Surgeons (ACS) released statements regarding changes in practice to minimize the viral
spread and preserve resources, including minimizing the use of ICU beds, personal protective equipment,
and ventilators [3]. However, one of the biggest changes was the recommendation to cancel or postpone all
elective surgeries until the healthcare infrastructure could support them.

Due to the elective nature of most orthopaedic surgery, our field was particularly vulnerable to these
restrictions [4,5]. According to a 2019 Blue Cross Blue Shield report, elective orthopaedic procedures alone
accounted for approximately 47% of total orthopaedic spending [5]. Elective musculoskeletal surgery
generates $15.6-$21.1 billion in net income per year for hospitals in the United States [6]. To help determine
which procedures should be prioritized, the American Academy of Orthopedic Surgeons (AAOS) released a
tiered system to classify surgeries: elective (delaying surgery will not cause harm to the patient), urgent
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elective (some outpatient surgeries could be performed depending on the availability of resources), urgent
(injuries for which immediate treatment could prevent impaired function), and emergent (life- and limb-
threatening injuries) [7].

Knee operations are extremely common, and the number of knee surgeries including elective knee
procedures has continued to increase [4,5]. In 2011, knee arthroplasty alone accounted for 4.6% of all
operating room procedures, making it the third most common procedure in the United States [8]. Elective
knee arthroplasties increased by 17% from 2010 to 2017 [5]. Other knee procedures have also become
increasingly prevalent [9,10].

It has been estimated that the first eight weeks of elective orthopaedic surgical cancellation during the
pandemic led to losses of $2.6-$3.5 billion in net income for United States hospitals [6]. Given the
prevalence of knee joint procedures, it is important to understand how they have been impacted by
pandemic restrictions. Therefore, the purpose of this study was to identify trends in orthopaedic knee joint
procedures during the COVID-19 pandemic.

Materials And Methods
A retrospective study was performed using data from March 2018 to May 2021 obtained from the TriNetX
Research Network database (Cambridge, Massachusetts, United States). TriNetX is a global federated
database consisting of electronic medical records from 51 healthcare organizations and over 68 million
patient records. The TriNetX platform consists of real-time, de-identified, aggregate patient data including
demographics, vitals, genomics, medications, and procedures [11]. The data on the TriNetX platform is
considered Health Insurance Portability and Accountability Act (HIPAA) compliant as protected health
information is not provided. Most participating institutions provide data dating back to the last seven
years. TriNetX has been previously used in other orthopaedic studies [12,13].

Using Current Procedural Terminology (CPT) codes (Table 1), TriNetX was queried for common orthopaedic
knee procedures. This included both inpatient and outpatient visits. Common procedures were then
stratified into arthroplasty and non-arthroplasty groups. Arthroplasty included CPT codes for total knee
arthroplasty (TKA) and TKA revisions. The non-arthroplasty group included tendon and ligament
procedures, quadriceps and hamstring rupture repair, patella dislocation reconstruction, and fractures. The
fracture cohort was further stratified into femoral shaft, patella, and tibial plateau. The coded procedures are
more fully described in Table 1. The data was then analyzed based on seasonal averages and compared to
levels before the pandemic (2018-2019). The seasons analyzed included spring 2020 (March-May 2020),
summer 2020 (June-August 2020), fall 2020 (September-November 2020), winter 2020/2021 (December
2020-February 2021), spring 2021 (March-May 2021), and the pandemic period overall (March 2020-May
2021) compared to overlapping months between March 2018 and May 2019. To normalize data provided by
TriNetX, the reported figures are the average number of encounters per healthcare organization (HCO). The
average monthly encounters during each season during the pandemic were compared with the average
monthly encounters from overlapping months in 2018 and 2019. Descriptive analyses were performed, and
comparisons were made using a student’s t-test. Statistical analysis was performed using Microsoft Excel
(Microsoft Corporation, Redmond, Washington, USA).
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Procedure CPT Code

Arthroplasty

Arthroplasty, knee, condyle and plateau; medial AND lateral compartments with or without patella resurfacing (total knee
arthroplasty)

27447  

Revision of total knee arthroplasty, with or without allograft; 1 component 27486  

Revision of total knee arthroplasty, with or without allograft; femoral and entire tibial component 27487  

Non-Arthroplasty

Suture of infrapatellar tendon; primary 27380  

Suture of quadriceps or hamstring muscle rupture; primary 27385  

Repair, primary, torn ligament and/or capsule, knee; collateral
27405 OR
27407 OR
27409  

Reconstruction of dislocating patella
27420 OR
27422  

(1) Open treatment of femoral shaft fracture, with or without external fixation, with insertion of intramedullary implant, with
or without cerclage and/or locking screws (2) Open treatment of femoral shaft fracture with plate/screws, with or without
cerclage  

27506 OR
27507  

Open treatment of patellar fracture, with internal fixation and/or partial or complete patellectomy and soft tissue repair  27524  

(1) Closed treatment of tibial fracture, proximal (plateau); without manipulation (2) Closed treatment of tibial fracture,
proximal (plateau); with or without manipulation, with skeletal traction  

27530 OR
27532  

Open treatment of tibial fracture, proximal (plateau)  
27535 OR
27536  

TABLE 1: CPT Codes for Analyzed Knee Procedures
CPT: Current Procedural Terminology

Results
Compared to the pre-pandemic period, the beginning of the pandemic in spring (March to May) 2020 saw
significant decreases in primary TKA (24.9 vs 44.2, p=0.016), femoral or entire tibial component revision
TKA (4 vs 5.6, p=0.005), and open treatment of femoral shaft fractures (5.4 vs 6.8, p=0.007). Summer 2020
through winter 2021 saw no significant differences in any of the analyzed knee procedures compared to the
pre-pandemic period (p>0.05). Spring 2021 saw significant increases in primary TKA (55 vs 44.2, p=0.017)
and one component revision TKA (3.8 vs 3, p=0.003) compared to the pre-pandemic period. Comparing the
entire pandemic to the pre-pandemic period, the only significant decreases seen were for femoral or entire
tibial component revision TKA (4.7 vs 5.3, p=0.015) and reconstruction of dislocating patella (2 vs 2.3,
p=0.041).

Figure 1 shows the monthly total number of knee procedures per healthcare organization (HCO) over time
overlaid onto a temporal bar graph of new COVID-19 cases, giving an indication of the impact each wave of
the pandemic had on orthopaedic knee procedures. The spread of various COVID-19 variants as well as
vaccination availability in the United States are indicated on the graph. The largest reduction in the number
of procedures was seen soon after COVID-19 was declared a global pandemic in the spring of 2020, but this
was followed by a large rebound in early summer of 2020. Although COVID-19 became widespread in the
spring of 2020, the greatest surge in cases was not seen until November 2020 to February 2021 when the
alpha, beta, and gamma variants were making their way through the country. Although not as drastic as the
beginning of the pandemic, this surge was met with another steady decrease in knee procedures. By March
2021, 100 million vaccinations were given, rising to 200 million by the beginning of April. This was
accompanied by a drastic decrease in COVID-19 cases as well as a large increase in knee procedures to levels
higher than before the pandemic.
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FIGURE 1: Knee Procedural Trends During COVID-19 Pandemic
HCO: Healthcare Organization; COVID-19: Coronavirus Disease 2019

Discussion
Given the high prevalence of orthopaedic knee procedures in the United States, it is important to
understand how they have been affected during the COVID-19 pandemic. This study sought to characterize
the trends in orthopaedic knee procedures performed during the COVID-19 pandemic period from March
2020 to May 2021. Overall, the initial seasons of the pandemic saw decreases in overall knee procedures
while the later seasons saw increases compared to pre-pandemic means.

Several previous studies sought to characterize the initial effect of the COVID-19 pandemic on TKAs. Landy
et al. examined the change in public interest in knee replacement and knee pain from December 2019
through May 2020 [14]. The authors reported that the number of online searches for knee replacements
remained stable until early March 2020, but was followed by a large decrease, eventually plateauing at a daily
search rate half of what it was prior to the pandemic at the end of the month. By the end of the search period
in the middle of May, the search for knee replacements began increasing [14]. In line with these findings,
another study using data within the Medicare population undergoing primary and revision TKA found a daily
94% decrease in late March 2020, leading to an 87% decrease in hospital Medicare revenue for arthroplasty
[15].

Similarly, our study showed significant decreases in knee replacement procedures. The months of March
2020 to May 2020 were a period of tremendous challenges for the healthcare system as COVID-19 spread
throughout the country. During this time, COVID-19 was declared a global pandemic and a national
emergency in the United States. Travel bans and stay-at-home orders went into effect, all of which were
compounded by a rising death toll. Additionally, initial recommendations for the cancellation of elective
procedures were announced as COVID-19 patients increased in hospitals. Given the widespread fear of
COVID-19 and the immense strain placed on the healthcare system, it is not surprising that this period was
marked by significant decreases in some of the most common knee procedures.

Postponement of TKAs left patients continuing to manage the challenges that come with end-stage
osteoarthritis and other degenerative diseases of the knee. A study conducted by Brown et al. characterized
the impact that cancellation had on patients originally scheduled for TKA or THA in the spring and summer
of 2020 [16]. In this study, 54% of patients reported that their pain increased since the cancellation, and 30%
stated they would have proceeded with surgery despite the risks of COVID-19. Additionally, the highest
causes of anxiety for these patients were uncertainty about when the procedure would be rescheduled and
contracting COVID-19. However, 88% of patients reported that they intended to reschedule their surgery as
soon as possible [16]. Our study found significant increases in primary and revision TKA in spring 2021
compared to pre-pandemic. Given the widespread availability of vaccines in early 2021, decreased COVID-19
cases, and the lifting of restrictions across the country, it is unsurprising that the healthcare system was able
to accommodate the rebound in elective TKAs during these months.
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While muscular, ligamentous, and tendon procedures as well as fractures showed overall decreases of 1-10%
during the pandemic, few of these changes were significant. Most studies published in the literature
analyzed the effects of COVID-19 on injuries and procedures during the initial months of the pandemic. A
multicenter cohort study examined presentations of pediatric sports injuries, including meniscal and
anterior cruciate ligament injury and patella dislocation, during the early (March to May 2020) and mid-
pandemic (May to July 2020) period [17]. Within the first month of the pandemic, significant decreases in
injuries were seen compared to pre-pandemic. However, when comparing early to mid-pandemic, no
significant differences in injuries were found, and those occurring in the knee showed slightly increased
incidence. Additionally, no delay in care was observed for these injuries that occurred during the pandemic.
Compared to pre-pandemic, more injuries occurred at home due to a decrease in organized sports and most
occurred while playing basketball and soccer, which are easily played at home [17]. Interestingly, the lack of
sports participation during the pandemic may result in increased injury rates upon return to play, as
suggested by a German elite soccer league that experienced a three-fold increase in injury rates following
the COVID-19 lockdown [18]. Further research should be conducted to determine the effect of detraining on
sports injury incidence following the resumption of organized sports.

Some studies have also examined the impact of the COVID-19 pandemic on fracture epidemiology. Despite
an overall decrease of 19% for total fractures during the state-of-emergency period in 2020, Mitkovic et al.
found no significant differences in the frequency of femoral or lower extremity fractures, except for the
distal femoral fracture, compared to the same period in 2019 [19]. Increased falls by elderly individuals while
on stay-at-home orders likely contributed to the increased incidence of distal femoral fractures during the
analyzed pandemic period. In a level 1 pediatric trauma hospital, there was a nearly 60% decrease in fracture
volume during March-April 2020, but no significant difference in the proportion of any lower extremity
fracture [20]. Additionally, studies have shown that pediatric fractures had no delay in presentation and
treatment during the first few months of the pandemic [17,20]. All of these findings support the results of
our study.

This study has strengths that come with using the TriNetX database. This global database collects
comprehensive patient data from over 130 healthcare organizations. Additionally, this is the first known
study that has divided the pandemic period into seasons, allowing us to assess the impact of COVID-19 on
knee procedures at various time points. However, this study is not without limitations. Despite being able to
provide considerable amounts of patient information, data in the TriNetX database is only collected from
participating organizations. Additionally, inconsistencies and inaccuracy of coding for diagnoses and
procedures by hospitals and physicians may exist. Additionally, we were unable to stratify our results by
geographic location; therefore, we are unable to report how the geographic variations in COVID-19
impacted orthopaedic cases.

Conclusions
The initial months of the COVID-19 pandemic saw the greatest decreases in knee procedures, which have
since rebounded with some reaching levels higher than they were before the pandemic. As orthopaedic knee
procedures return to pre-pandemic levels while COVID-19 persists, it is important to consider how we can
safely provide care for patients with orthopaedic pathology while caring adequately for those with COVID-19
and other medical problems.
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