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Objective: Recent technological advancements have led to the utilization of robotic-assisted knee arthroplasty
(raKA) in the operating room.

Methods: All patients who underwent knee arthroplasty from 2009 to 2013 in NYS SPARCS were reviewed.
raKAs and non-raKAs were compared for utilization and institutional trends.

Results: Robotic-assistance increased by 500%. 80% of raKAs were performed in teaching hospitals. The trend
increase was greater in teaching hospitals. Blood transfusion rates differed between raKA and non-raKA (6.6%

vs. 10.9%, p < 0.001).

Conclusion: raKA utilization increased in NYS, moreso within teaching hospitals. raKA transfusion rates were
lower but higher in teaching hospitals, potentially related to learning curve.

1. Introduction

Osteoarthritis (OA) is an insidious disease process caused resulting
in the deterioration of osseous and cartilaginous structures and ulti-
mately results in stiffness, pain, and reduced functional ability of the
joint.' Both total (TKA) and unicompartmental knee (UKA) ar-
throplasty can effectively relieve pain and improve joint function. In the
properly selected patient, UKA is a viable intervention that offers a less
invasive procedure, fewer bone cuts and thus less blood loss, and
cruciate ligament retention compared to TKA.*® Despite advancements
in implant design, surgical technique, and outcome made in the last
several decades, implant failure remains a concern.®” Knee arthroplasty
failures are most commonly caused by malposition of the component in
the coronal or axial plane.® Additionally, in UKAs, malalignment and
malposition can also lead to progression of OA to the adjacent joint
compartment of the knee.**'® However, these complications can be
remedied by computer navigated and robot-assisted knee arthroplasty,
which assists in bone preparation and with postoperative limb align-
ment.'?

These newer modalities were developed in order to improve the
outcomes of knee arthroplasty. Computer-navigated knee arthroplasties
utilize preoperative computerized tomography (CT), magnetic

resonance imaging (MRI), or infrared studies to register intraoperative
landmarks and create a 3-dimensional operation model. A computer
then uses these data to guide surgical instruments and adjust orienta-
tion and alignment.'® Robotic-assisted surgery combines these visual
navigation benefits with a robotic arm that guides the femoral and ti-
bial cuts, allowing for more precise implant placement.'®'* While lit-
erature on the efficacy of robotic-assisted knee arthroplasty exists, these
studies often focus on specific physical parameters of the proce-
dure.'*"'” There remains a paucity of literature addressing the general
trends of robotic-assisted knee arthroplasty procedures.

Therefore, the purpose of this study was to report on the current
trends of robotic-assisted knee arthroplasties. Specifically, this study
aimed to: 1) identify trends in the utilization of robotic assistance in
knee arthroplasty; 2) compare the utilization of robotic-assisted knee
arthroplasties in teaching and non-teaching hospitals; and 3) compare
blood transfusion rates in robotic and non-robotic knee arthroplasties
among teaching and non-teaching hospitals.
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2. Methods
2.1. Data source

A retrospective analysis of the Statewide Planning and Research
Cooperative System (SPARCS) database was performed using data from
January 1, 2009 to December 31, 2013. The SPARCS data are the
product of industry and governmental collaboration to create an ac-
cessible source for patient level discharge information, and is available
through the New York State (NYS) Department of Health's Bureau of
Health Informatics.'® All Article 28 licensed hospitals in NYS are re-
quired to submit inpatient and outpatient data to the SPARCS database.
Article 28 licensed hospital extension clinics and diagnostic and treat-
ment centers, certified to provide ambulatory surgery services, are also
required to submit outpatient data to SPARCS. The database consists of
the most robust, complete all-payer data available for the state of New
York, which also assigns a unique tracking ID to each patient. Since this
database is de-identified, the study was deemed exempt by our in-
stitutional review board.

2.2. Patient population

Patients who underwent a knee arthroplasty between January 1,
2009 and December 31, 2013 were identified based on the
International Classification of Diseases, ninth revision (ICD-9) proce-
dure code for knee arthroplasty (81.54); the code 81.54 was used to
code both TKA and UKA. Additionally, robotic-assisted arthroplasties
were identified using secondary ICD-9 procedure codes (17.41 and
17.49). The operation rates per year were identified along with the
number of academic institutions, and blood transfusion rates.

2.3. Statistical analysis

All statistical analyses were performed with SPSS version 24 (IBM
Corporation, Armonk, New York). A p-value of less than 0.05 was used
as the threshold for statistical significance. Chi-Square test were utilized
to analyze the proportion of robotic-assisted knee arthroplasty versus
non-robotic knee arthroplasty procedures, the utilization of robotic-
assistance for knee arthroplasty procedures in teaching versus non-
teaching hospitals, and the rate of blood transfusion in robotic and non-
robotic assisted knee arthroplasty procedures.

3. Results
3.1. Trends in robotic-assisted knee arthroplasty

Over the course of the study period, a total of 151,147 knee ar-
throplasties were performed. Of these, 1002 (0.6%) knee arthroplasties
were performed with robotic assistance. Additionally, a 500% increase
was seen in the utilization of robotic assistance during the study period
(0.2% in 2009 to 1.2% in 2013) of all arthroplasties (Fig. 1a and b).

3.2. Utilization of robotic-assisted knee arthroplasty by institution type

When stratified by institution type, 80% of robotic-assisted knee
arthroplasties were performed in teaching hospitals and 20% were
performed in non-teaching hospitals. Overall, 1.4% of robotic-assisted
knee arthroplasties were performed in teaching hospitals and 0.2%
were performed in non-teaching hospitals (p < 0.001). An increased
trend in the utilization of robotic assistance in knee arthroplasty was
observed in both teaching and non-teaching hospitals over the 5-year
period, but this trend was greater in teaching hospitals.

3.3. Comparison of blood transfusion rates

The blood transfusion rate in robotic-assisted knee arthroplasties
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was found to be significantly lower than the transfusion rate in non-
robotic knee arthroplasties (6.6 vs. 10.9%, p < 0.001). Moreover, the
blood transfusion rate was also found to be significantly higher in the
procedures that were performed in teaching hospitals compared to
those that were performed in non-teaching hospitals (13.9 vs. 9.2%,
p < 0.001).

4. Discussion

As the number of annually performed knee arthroplasty procedures
increases,'® there has been an increase in the utilization of all robotic-
assisted arthroplasties. While these procedures represent only a small
portion of knee arthroplasties performed, this study noted a substantial
rise in robotic assistance in both teaching and non-teaching hospitals.
Additionally, these findings were bolstered by a decreased transfusion
rate noted with these procedures. The present study was an overview of
the trends and benefits of robotic-assisted knee arthroplasties, and may
be beneficial to the medical community in terms of knowledge of this
emerging surgical procedure.

There were several limitations to the present study. This was a
retrospective database study that was dependent on ICD-9 billing codes,
which could be subject to coding errors. Also, the SPARCS database was
unable to follow patients that sought continued care outside of the state
of New York. Additionally, due to limitations of the database, specific
surgical information such as surgical approach, implant type, and
component position were not able to be reported. One further limitation
is the inability to differentiate between robotic-assisted UKA from TKA.
However, as many robotic TKA systems were not commercially avail-
able for use until approximately 2016-2017, it is likely that the ma-
jority of this reported increase was primarily from UKA. Nevertheless,
the results of this study provide helpful information that could be
beneficial for the treatment of knee OA.

The results of this study are consistent with previous studies that
demonstrated the sparse use of robotic-assistance in knee arthroplasty
Picard et al.”° stated that less than 3% of orthopaedic surgeons in the
United States and England reported the use of computer-assisted tech-
nology in TKA, with similarly sporadic use of such technologies re-
ported in Brazil, France, and Asia. Friederich and Verdonk®' utilized a
24-question online survey to assess the attitudes of orthopaedic sur-
geons towards computer-assisted TKAs, and was completed by 389
physicians who practiced in the United States, United Kingdom, Swit-
zerland, Belgium, Germany, and the Netherlands. Of the 389 re-
spondents, 202 (51.9%) stated that their workplaces were equipped
with a navigation system, 61.4% of which utilized these systems for
TKAs. Moreover, 66.8% of the surgeons, were considered “low pro-
portion” users (fewer than 50% of procedures), while 22% reported that
they had not used navigation equipment. The minimal utilization of
such technologies, even when available to surgeons, was reported to be
due to a perceived lack of efficacy of such surgical techniques. Inter-
estingly, 37.4% of the surveyed surgeons stated they had an interest in
acquiring navigation systems, and 48% of respondents who already had
a navigation system available to them, plan on using it more frequently
in the future. These trends appeared in line with those found in the
present study regarding an increased use and interest in robotic assis-
tance in knee arthroplasty, despite the slow spread of this technology
and its utilization within the field. Unlike the data found in these pre-
vious studies, Deep et al.>? noted an increased use of computer-assisted
technology had been reported in Australia (28.6%) and Germany
(30%). If the trends reported in the present study continue in a similar
or increased fashion, this widespread use of computer assisted ortho-
paedic surgery may soon be seen in the United States.

The present study found that a majority of robotic-assisted knee
arthroplasties in the study population were performed at teaching
compared to non-teaching hospitals (80% vs. 20%). Several studies
focused on the costs and benefits of the introduction and use of robotic
and computer-assisted surgical techniques.”*** Slover et al.**
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Fig. 1a. Trends of robotic-assisted knee arthroplasty: 2009-2013.

performed a cost analysis on robotic-assisted treatment of joint disease,
and found that the cost of robotic-assisted TKA decreased as the volume
of procedures increased, and the costs of surgical complications and
revisions decreased. The authors noted that a facility that performs 250
TKAs per year, computer assistance would be cost effective if the annual
revision rate of these surgeries is reduced by 2% over a 20-year period.
At a facility that performs 150 TKAs per year, cost effectiveness of ro-
botic assistance is achieved by reducing annual revisions by 2.5% over
20 years. In facilities that perform 25 TKAs per year the value of annual
revision decrease necessary for cost effectiveness is 13%.%* Conditt
et al.>* included additional factors in calculating the value of robotic-
assisted arthroplasty, such as increased operation times and higher
costs of medical equipment, which although they are usually fixed up-
front costs, they may decrease the financial value of such procedures.
Additionally, the authors predicted an increase in the utilization of
robotic assisted technology in parallel with the increasing utilization of
partial knee arthroplasty.>*

Randell et al.,*” in a review of the experiences of surgical teams that
utilized robotic techniques, also noted the potential complications of
increased operative times in robotic surgeries, as well as communica-
tion problems that can arise between members of robotic surgery team.
The study found a significant difference in the training received by
surgical teams. Specific focus in assembling surgical teams as well as
increased effort in communications training for these teams might re-
medy these complications and increase the efficacy and utilization of

robotic assisted surgery.

The results of this study regarding blood loss and transfusion rates
were similar to those found in previous studies. Kalairajah et al.*®
performed a prospective randomized trial to assess blood loss in com-
puter assisted (n = 30) and conventional (n = 30) TKAs, and found that
those who underwent computer-assisted TKA had a lower mean post-
operative blood drainage than the conventional TKA group (1351 vs.
1747 mL, p = 0.001) Also, there was a lower calculated hemoglobin
loss, which was determined by subtracting the postoperative day 2
hemoglobin from the preoperative hemoglobin levels, in the computer-
assisted compared to the conventional TKA cohorts (36.5 vs. 52.6 g/dL,
p < 0.00001). Millar et al.>’ evaluated the blood loss following com-
puter navigated and conventional TKAs in obese and non-obese pa-
tients. A cohort of morbidly obese patients (BMI > 40kg/m?) who
underwent computer navigated TKA (n = 30) or conventional TKA
(n = 30) were compared to a matched cohort of patients who had a
BMI < 30 kg/m? who underwent computer navigated TKA (n = 31) or
conventional TKA (n = 31). They found that across all BMIs, the mean
intraoperative blood loss was significantly lower in computer navigated
versus the conventional TKAs (1014 vs. 1287 mL, p < 0.001).

5. Conclusions

The utilization of robotic-assisted knee arthroplasty has increased in
New York State, and early adaptation was found to be greater among
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teaching hospitals. This may demonstrate a potential increased early
exposure to robotic-assisted knee arthroplasties for residents and fel-
lows during their graduate medical education training. The blood
transfusion rate was found to be lower with the robotic-assisted pro-
cedures, but was overall higher in teaching hospitals. This may be due
the learning curve of this new technique or the academic/teaching
nature of the hospital. As the popularity of robotic-assisted knee ar-
throplasties increases, more studies should be conducted to further
elucidate the potential benefits of robotic-assisted knee arthroplasties,
in order to provide healthcare providers and patients more effective and
appropriate surgical options when indicated.
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