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Background: Computer navigation and robotic assistance technologies are used to improve the accuracy of
component positioning in total knee arthroplasty (TKA), with the goal of improving function and opti-
mizing implant longevity. The purpose of this study was to analyze trends in the use of technology-assisted
TKA, identify factors associated with the use of these technologies, and describe potential drivers of cost.
Methods: The Nationwide Inpatient Sample database was used to identify patients who underwent TKA
using conventional instrumentation, computer navigation, and robot-assisted techniques between 2005
and 2014. Variables analyzed include patient demographics, hospital and payer types, and hospital
charges. Descriptive statistics were used to describe trends. Univariate and multivariate analyses were
performed to identify differences between conventional and technology-assisted groups.
Results: Our analysis identified 6,060,901 patients who underwent TKA from 2005 to 2014, of which
273,922 (4.5%) used computer navigation and 24,084 (0.4%) used robotic assistance. The proportion of
technology-assisted TKAs steadily increased over the study period, from 1.2% in 2005 to 7.0% in 2014.
Computer navigation increased in use from 1.2% in 2005 to 6.3% in 2014. Computer navigation was more
likely to be used in the Western United States, whereas robot-assisted TKAs were more likely to be
performed in the Northeast. Increased hospital charges were associated with the use of technology
assistance ($53,740.1 vs $47,639.2).
Conclusions: The use of computer navigation and robot-assisted TKA steadily increased over the study
period, accounting for 7.0% of TKAs performed in the United States in 2014. Marked regional differences
in the use of these technologies were identified. The use of these technologies was associated with
increased hospital charges.
© 2019 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
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Introduction

Although total knee arthroplasty (TKA) has shown excellent
long-term survivorship in multiple studies [1-3], efforts to improve
longevity and functional outcomes continue. Computer-assisted
surgery and, more recently, robot-assisted surgery have been
introduced with the goal of improving implant positioning.
Improved positioning may in turn translate to improved survivor-
ship, as varus tibial component alignment greater than 3 degrees
has been associated with early failure [4,5]. As the use of
technology-assisted surgery has increased over the past 2 decades,
multiple studies have demonstrated improved mechanical
ciation of Hip and Knee Surgeons. This is an open access article under the CC BY-NC-
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alignment with the use of computer navigation and robot-assisted
surgeries [6-17]. However, studies have not been conclusive
regarding the effects of technology assistance on revision rate,
patient-reported outcomes, and complication rates [12,18-38].
Given the lack of conclusive data, the debate concerning the value
of technology-assisted TKA and its cost-effectiveness continues.

Until recently, nationwide data regarding the use of computer-
assisted and robot-assisted arthroplasty were unavailable. Recent
revisions of the International Classification of Diseases, Ninth
Revision, (ICD-9) procedure codes provided codes for computer-
assisted surgery (00.3) and robot-assisted surgery (17.4). The
computer-assisted code was released on October 1, 2004, making
2005 the first complete year of data. The robot-assisted code was
released on October 1, 2008, making 2009 the first complete year of
data. Two recent studies have examined the use of technology-
assisted joint replacement surgery with conflicting results. Ghol-
son et al. [39] reported a 38.3% decrease in computer-navigated
TKA utilization between 2010 and 2014 using the National Surgi-
cal Quality Improvement Program (NSQIP) database. In contrast,
Boylan et al. [40] reported yearly increases in technology-assisted
total hip and total knee replacements from 2008 to 2015 using
the New York Statewide Planning and Research Cooperative System
database and saw an increase in the use of these technologies from
2.8% to 8.6% during the study period. However, both studies relied
on databases that encompass a biased sampling of national practice
trends. The NSQIP database is comprised of a nonrandom sampling
of voluntary hospitals, whereas the New York Statewide Planning
and Research Cooperative System database is limited by its
inherent geographical bias. To date, no study has examined these
trends using a sampling of all United States hospitals.

The purpose of this study is to present an analysis of trends in
technology-assisted TKA using a representative sampling of all
United States inpatient discharges. This study quantifies the recent
increased use of computer-navigated and robot-assisted TKAs using
a large United States database, identifies factors associated with the
use of technology assistance, and describes potential drivers of
hospital charges.

Material and methods

Data collection

This study used the Nationwide Inpatient Sample (NIS) database
from 2005 through 2014 to identify all patients who underwent a
primary TKA. The NIS is part of the Healthcare Cost and Utilization
Project sponsored by the Agency for Healthcare Research and
Quality and comprises the largest nationwide all-payer hospital
inpatient care database in the United States, representing an
approximate 20% sampling of all hospital discharges. As the NIS
database includes no protected health information, this study was
deemed exempt by our institutional review board. No external
funding was used to support this investigation.

Variables

We selected patients of all ages who underwent a primary TKA
from2005to2014.Patientswere identifiedusing the ICD-9procedure
code 81.54 (TKA). A subcohort of patients who underwent a
computer-assisted TKA was identified using the following ICD-9
procedure modifier codes (Supplemental Table 1): computer-
assisted surgery with computed tomography/computed tomogra-
phy angiography (00.31), computer-assisted surgery with magnetic
resonance/magnetic resonance angiography (00.32), computer-
assisted surgery with fluoroscopy (00.33), imageless computer-
assisted surgery (00.34), computer-assisted surgery with multiple
data sets (00.35), and other computer-assisted surgery (00.39). A
second subcohort of patients who underwent a robot-assisted sur-
gery was identified using the following ICD-9 procedure modifier
codes: open robot-assisted procedure (17.41) and other unspecified
robot-assisted procedure (17.49).

Variables analyzed in this study included age, gender, race,
primary health insurance, total number of chronic conditions,
hospital location and teaching status, hospital bed size, geographic
region of hospital, median household income, and hospital charge.
Hospital charges were adjusted for inflation and expressed in 2014
terms using data obtained from the United States Bureau of Labor
Statistics (https://data.bls.gov/cgi-bin/cpicalc.pl). The NIS database
contains data on total charges for each hospital in the database,
which represents the amount that hospitals billed for services, but
does not reflect how much hospitals received in payment. Charge
information is obtained on all patients, regardless of payer,
including persons covered by Medicare, Medicaid, private insur-
ance, and the uninsured.

Statistical analysis

Statistical analyses were performed using Stata version 13 (Sta-
taCorp LP, College Station, TX). Descriptive statistical methods were
used to describe trends in utilization over time. Univariate statistics
were used to compare the computer navigation and robotic assis-
tance cohortswithpatientswhounderwent TKAusing conventional
techniques without technology assistance. A Pearson's chi-squared
test was used for categorical variables and a Student t-test was
used for continuous variables. Differences identified between the
cohorts on univariate analysiswith a P value�.1 were used to create
a multivariate model. A multiple logistic regression analysis was
used to account for potentially confounding factors.

Results

Our analysis identified 6,060,901 patients who underwent TKA
from 2005 to 2014, of which 273,922 (4.5%) used computer navi-
gation and 24,084 (0.4%) used robotic assistance (Table 1). The
prevalence of computer navigation in TKA increased from 1.2% in
2005 to 6.29% in 2014. The prevalence of robotic assistance in TKA
increased from 0.1% in 2009 to 0.8% in 2013, followed by a slight
decrease to 0.7% in 2014 (Fig. 1). Technology-assisted TKA, whether
using computer navigation or robotic assistance, has steadily
increased over the study period, reaching a peak of 7.0% in 2014 in
the final year of study, from 1.2% in 2005.

Univariate results

Both conventional and technology-assisted TKA cohorts were
similar in age (average, 66.2 years) and the number of comorbid-
ities (average 4.8 chronic conditions) (Table 1). Patients in both
conventional and technology-assisted groups were predominantly
male, 62.7% and 61.2%, and white, 83.4% and 84.0%, respectively.
Medicare beneficiaries made up approximately 55% of knee
arthroplasty patients in both cohorts, with private insurance being
the next highest payer at nearly 38%. This payer distribution
remained consistent over the course of the study, with Medicare
beneficiaries comprising roughly 53%-57% of technology-assisted
knee arthroplasty patients over the last 8 years of study, and pri-
vate insurance made up 36%-41% of technology-assisted arthro-
plasties. Patients were well distributed across household income
quartiles in both cohorts.

Differences in hospital factors were noted across conventional
and technology-assisted groups. Most notably, the highest vol-
ume of TKAs was performed in the South, with approximately
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Table 1
A comparison of patient and hospital characteristics between conventional and technology-assisted total knee arthroplasty groups.

Variable Conventional Technology-assisted P value

N % N %

N 5,762,895 95.1% 298,006 4.9%
Computer navigation 273,922 4.5%
Robotic 24,084 0.4%

Age (y), mean ± standard deviation 66.2 ± 0.0 66.2 ± 0.0 .6779
Gender (%) <.0001
Female 2,130,217 37.0% 115,503 38.8%
Male 3,632,678 63.0% 182,503 61.2%

Number of comorbidities, mean ± standard deviation 4.8 ± 0.0 4.8 ± 0.0 .0015
Race (%) <.0001
White 4,962,160 83.4% 214,508 84.0%
Black 359,016 7.5% 13,660 5.4%
Hispanic 254,389 5.3% 14,740 5.8%
Asian or Pacific Islander 57,912 1.2% 3985 1.6%
Native American 22,182 0.5% 2217 0.9%
Other 107,237 2.2% 6239 2.4%

Primary payment (%) <.0001
Medicare 3,187,362 55.4% 164,462 55.5%
Medicaid 168,722 2.9% 7381 2.5%
Private 2,177,405 37.9% 113,158 38.2%
Self-pay 25,620 0.5% 992 0.3%
No charge 4991 0.1% 152 0.1%
Other payment 187,423 3.3% 10,444 3.5%

Median household income <.0001
0-25th Percentile 1,145,151 22.1% 64,837 22.7%
25-50th Percentile 1,402,665 27.1% 78,068 27.3%
50-75th Percentile 1,371,236 26.5% 76,279 26.7%
75-100th Percentile 1,259,765 24.3% 67,022 23.4%

Hospital location/teaching status <.0001
Rural 708,635 12.3% 26,141 8.8%
Urban, nonteaching 2,586,961 45.1% 152,979 51.4%
Urban, teaching 2,445,646 42.6% 118,733 39.9%

Hospital size <.0001
Small 1,080,749 18.8% 66,373 22.3%
Medium 1,480,850 25.8% 81,213 27.3%
Large 3,179,644 55.4% 150,267 50.5%

Region of hospital <.0001
Northeast 960,982 16.7% 64,837 22.7%
Midwest 1,626,934 28.2% 78,068 27.3%
South 2,104,748 36.5% 76,279 26.7%
West 1,070,232 18.6% 67,022 23.4%

Total hospital charge(s), median $47,639.2 $53,740.1 <.0001
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36% of total knee arthroplasties in the conventional cohort.
However, hospitals in the West and Northeast were more likely
to use computer navigation or robotic assistance. TKAs per-
formed in the West and Northeast comprised a greater propor-
tion of technology-assisted TKAs than would be expected given
the geographic breakdown seen in conventional TKAs (Table 1).
Conversely, hospitals in the South were less likely to use tech-
nology assistance, with only 26.7% of technology-assisted TKAs
performed in the South compared with 36.5% of conventional
TKAs.

Over the entire study period, urban nonteaching hospitals
accounted for 51.4% of all technology-assisted TKAs. However, there
has been a notable increasing trend in technology-assisted TKAs
performed at urban teaching hospitals from 2009 to 2014 (Fig. 2). In
the final year of the study, 57.1% of technology-assisted TKAs were
performed in urban teaching centers and 36.6% in urban
nonteaching hospitals.

The median hospital charge over the entire study period was
significantly more for TKAs performed using computer guidance or
robotic assistance than for conventional TKAs ($53,740.1 vs
$47,639.2) (Table 1). Charges were nearly identical in 2005 for
conventional and technology-assisted TKA ($36,182.8 vs $35,195.9,
respectively), but charges for technology-assisted TKA exceeded
conventional TKA in 2014 ($59,128.2 vs 68,262.9) (Fig. 3).
Multivariate results

A multivariate analysis was conducted for the 2014 data to
reveal independent predictors of computer navigation and robotic
assistance utilizations. Black (relative risk [RR]: 0.67, 95% confi-
dence interval [CI]: 0.55-0.83, P < .0001) and Asian or Pacific
Islander (RR: 0.59, CI: 0.39-0.90, P < .0001) patients were less likely
to undergo TKA using computer navigation than white patients
(Table 2). There were no significant differences between Hispanic,
Native American, and white patients. In addition, patients with
Medicaid (RR: 0.55, CI: 0.41-0.74, P < .0001) were less likely to
undergo a computer-navigated procedure. Computer navigation for
TKA was more likely to be performed in the West region of the
country than the Northeast (RR: 1.56, CI: 1.37-1.77, P < .0001), with
the Northeast still more likely to use technology assistance than the
South or midwest. Urban hospitals were found to be independent
predictors of computer navigation utilization (Table 2).

Robot-assisted TKAwas more likely to be performed on patients
with fewer comorbidities (RR: 0.90, CI: 0.88-0.93, P < .0001) and
less likely to be performed on female patients (RR: 0.80, CI: 0.71-
0.90, P < .0001) (Table 3). Hispanic (RR: 1.56, CI: 1.26-1.95, P <
.0001) and Native American patients (RR: 2.41, CI: 1.13-5.14, P ¼
.022) were more likely to receive a robot-assisted TKA. Patients
with Medicaid (RR: 0.54, CI: 0.3-0.85, P ¼ .008) were again less



Figure 1. The percent of total knee arthroplasties performed using computer navigation or robotic assistance from 2005 to 2014.
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likely to have a robotic procedure, whereas patients with private
insurance (RR: 1.24, CI: 1.06-1.45, P-.008) were more likely. Upper
quartile median household income trended toward increasing
likelihood of robot-assisted TKA (RR: 1.21, CI: 1.00-1.46, P ¼ .052).
Urban nonteaching hospital (RR: 2.14, CI: 0.1.57-2.91, P < .0001) was
an independent predictor of robotic assistance; however, the pre-
viously seen increased prevalence of technology assistance in the
West was not seen (Table 3).

A regression analysis was performed to look for drivers of high
costs in 2014 (Table 4). A “high-cost” discharge was defined as
hospital charges in the 90th percentile and above for our data set,
equaling costs greater than $94,963. The cost was muchmore likely
to be high in the West (RR: 5.49, CI: 5.16-5.83, P < .0001) and South
(RR: 1.46, CI: 1.37-1.55, P < .0001) compared to the Northeast. The
Figure 2. The use of technology-assisted TKAs by hos
cost was also more likely to be high in urban centers, both teaching
(RR: 2.58, CI: 2.34-2.85, P < .0001) and nonteaching hospitals (RR:
2.42, CI: 2.20-2.68, P < .0001). Interestingly, the use of computer
navigation was associated with increasing cost (RR: 1.26, CI: 1.12-
1.43, P < .0001); however, the use of robotic assistance was not (RR:
1.08, CI: 0.90-1.31, P ¼ .410).

Discussion

The use of computer navigation and robotic assistance during TKA
steadily increased from 2005 to 2014, accounting for approximately 1
in 14 TKAs (7.0%) performed in the United States in 2014. Most
technology-assisted TKAs were performed in urban hospitals, on pa-
tients of white race, who were Medicare beneficiaries. Medicaid was
pital location/teaching status from 2009 to 2014.



Figure 3. The median inflation-adjusted hospital charges for total knee arthroplasty performed by conventional or technology-assisted techniques from 2005 to 2014.
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found to be an independent factor associated with a decreased like-
lihood of using either computer navigation and robotic assistance.
Finally, surgeons in the Western United States were most likely to
adopt computer navigation, whereas robot-assisted TKAwas adopted
mostly by surgeons in the Northeastern United States. The present
Table 2
Independent factors associated with computer navigation TKA utilization.

Variable Relative
risk

Confidence
interval

P value

Age 1.01 1.00-1.01 .03
Female gender (reference: male) 0.98 0.90-1.07 .62
Number of comorbidities 1.01 1.00-1.03 .13
Race (reference: white)
Black 0.67 0.55-0.83 <.0001
Hispanic 0.93 0.78-1.11 .42
Asian or Pacific Islander 0.59 0.39-0.90 .01
Native American 1.36 0.78-2.37 .28
Other 2.24 1.85-2.71 <.0001

Primary payment (reference:
Medicare)
Medicaid 0.55 0.41-0.74 <.0001
Private 1.07 0.96-1.20 .22
Self-pay 1.22 0.67-2.24 .51

Median household income
(reference:
first quartile)
25-50th Percentile 0.97 0.86-1.10 .66
50-75th Percentile 0.90 0.80-1.02 .11
75-100th Percentile 0.72 0.63-0.82 <.0001

Hospital location/teaching status
(reference: rural)
Urban, nonteaching 0.64 0.55-0.74 <.0001
Urban, teaching 0.65 0.57-0.75 <.0001

Hospital size (reference: small)
Medium 0.85 0.77-0.95 <.0001
Large 0.65 0.59-0.72 <.0001

Region of hospital (reference:
Northeast)
Midwest 0.65 0.56-0.74 <.0001
South 0.72 0.63-0.81 <.0001
West 1.56 1.37-1.77 <.0001
study is the first, to our knowledge, that reports on these trends and
associations using a national sampling of all geographical regions,
containing all insurance providers. As such, the findings reported
herein are likely the most representative data of the United States to
date.
Table 3
Independent factors associated with robot-assisted TKA utilization.

Variable Relative
risk

Confidence
interval

P value

Age 0.99 0.98-0.99 .001
Female gender (reference: male) 0.80 0.71-0.90 <.0001
Number of comorbidities 0.90 0.88-0.93 <.0001
Race (reference: white)
Black 0.85 0.65-1.10 .214
Hispanic 1.56 1.26-1.95 <.0001
Asian or Pacific Islander 1.11 0.67-1.83 .693
Native American 2.41 1.13-5.14 .022
Other 1.01 0.71-1.43 .977

Primary payment (reference:
Medicare)
Medicaid 0.54 0.35-0.85 .008
Private 1.24 1.06-1.45 .008
Self-pay 0.22 0.03-1.62 .139

Median household income (reference:
first quartile)
25-50th Percentile 0.83 0.69-1.01 .067
50-75th Percentile 1.17 0.97-1.40 .099
75-100th Percentile 1.21 1.00-1.46 .052

Hospital location/teaching status
(reference: rural)
Urban, nonteaching 2.14 1.57-2.91 <.0001
Urban, teaching 1.15 0.85-1.57 .363

Hospital size (reference: small)
Medium 0.56 0.49-0.65 <.0001
Large 0.42 0.36-0.49 <.0001

Region of hospital (reference:
Northeast)
Midwest 0.21 0.16-0.27 <.0001
South 0.63 0.54-0.74 <.0001
West 0.53 0.44-0.64 <.0001



Table 4
Independent factors associated with high-cost computer-navigated total knee
arthroplasty.

Variable Relative
risk

Confidence
interval

P value

Age 0.99 0.99-1.00 <.0001
Female gender (reference: male) 0.95 0.91-0.98 .010
Number of comorbidities 1.08 1.08-1.09 <.0001
Race (reference: white)
Black 1.66 1.56-1.78 <.0001
Hispanic 1.79 1.68-1.90 <.0001
Asian or Pacific Islander 1.62 1.44-1.82 <.0001
Native American 0.69 0.49-0.95 .030
Other 2.13 1.86-2.04 <.0001

Primary payment (reference: private
insurance)
Medicare 1.06 1.01-1.11 .020
Medicaid 1.03 0.94-1.13 .530
Self-pay 0.62 0.45-0.87 .010

Median household income (reference: first
quartile)
25-50th Percentile 0.90 0.85-0.95 <.0001
50-75th Percentile 1.03 0.98-1.09 .270
75-100th Percentile 1.25 1.18-1.32 <.0001

Hospital location/teaching status
(reference: rural)
Urban, nonteaching 2.58 2.34-2.85 <.0001
Urban, teaching 2.42 2.20-2.68 <.0001

Hospital Size (reference: small)
Medium 1.45 1.38-1.52 <.0001
Large 1.12 1.07-1.17 <.0001

Region of hospital (reference: Northeast)
Midwest 0.79 0.74-0.86 <.0001
South 1.46 1.37-1.55 <.0001
West 5.49 5.16-5.83 <.0001

Computer navigation 1.26 1.12-1.43 <.0001
Robotic assistance 1.08 0.90-1.31 .410
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The mean hospital charge for a TKA has increased by 52.4% in
the past 15 years [41]. With osteoarthritis being the single most
expensive condition reported by Medicare, total hip and total knee
arthroplasties are among the largest surgical expenditures in
Medicare patients [42]. Our study demonstrated an increase in
median hospital charges for technology-assisted TKAs, with com-
puter navigation independently associated with high hospital
charges. Though the prevalence of computer navigation and robotic
assistance is relatively low, the increasing use of these technologies,
as evidenced in our study, can contribute to rising health-care costs,
particularly for payers who base hospital reimbursement as a
proportion of hospital charges rather than thosewho use a bundled
payment model.

The contribution of technology assistance to costs will continue
to be of importance when assessing bundles for comprehensive
joint care. In particular, computer-navigated TKAs have been shown
to have little to no effect on hospital length of stay [20,39], sug-
gesting that these technologies may be ineffective at mitigating
increased hospital charges through shorter inpatient hospital stays.
However, if these technologies are able to improve TKA survivor-
ship, these costs may be offset by a decrease in future revisions.
However, conclusive data regarding the relationship between
computer navigation and TKA implant longevity are lacking [28].

In our study, computer navigationwas independently associated
with higher hospital charges; however, robotic assistance was not.
There are recent data to suggest robot-assisted TKA may lead to
decreased facility and index costs [43]. Although computer navi-
gation has not consistently shown decreased inpatient length of
stay, recent data suggests robotic assisted TKA may be associated
with less trauma, resulting in decreased lengths of stay Kayani et al.
[44] demonstrated a decrease of approximately 30 hours in
inpatient stay with robotic assistance compared with conventional
techniques. However, the findings by Kayani et al. must be verified
by others before robotic assistance can be recommended as a cost
saving measure.

Computer navigation and robotic assistance have been shown to
improve consistency of implant positioning, decrease outliers, and
reduce intraoperative malalignment. However, data showing
improved clinical outcomes are conflicting. The New Zealand reg-
istry data found no difference in revision rates with computer
navigation vs conventional techniques [32]. However, in a larger
study from the Australian National Joint Replacement Registry, De
Steiger et al. [28] found a roughly 13% decrease in the revision rate
over 9 years with computer navigation in patients<65 years old but
were unable to demonstrate a benefit in patients >65 years of age.
This difference was attributed to decreased rates of revision due to
aseptic loosening. In this study, the revision rates diverged more in
the latter years of the 9-year study period, highlighting the possi-
bility of a greater benefit in survivorship with longer follow-up. Of
note, the use of computer navigation in the Australian registry
increased to 22.8% of primary TKAs in 2012, which is far larger than
rates seen in the United States as demonstrated in the present
study. A study by Schnurr et al. [31] similarly found decreased
revision rates in the early 2-4 years of the postoperative period,
again attributed to decreased rates of aseptic loosening. However,
this study is limited by its retrospective nature, single-institution
analysis, and short-term follow-up. The effect of technology assis-
tance on revision rates in TKA is of critical importance and warrants
future study; however, this analysis was outside the scope of this
study.

Long-term follow-up studies of TKAs performed using conven-
tional techniques call into question the importance of a neutral
mechanical axis and suggest other factors may contribute to patient
outcomes and long-term revision rates [45,46]. However, regard-
less of the mechanical axis target, proponents of technology
assistance believe that decreasing the number of outliers may
reduce early failures, improve implant longevity, and lead to
improved patient-reported outcomes [12,33,35]. A study by
Browne et al. [20] found computer-assisted TKAs had fewer cardiac
complications, decreased length of stay, and trended toward fewer
postoperative hematomas than conventional TKAs. Liow et al. [47]
found subtle improvements in patients' quality of life with robotic
assistance in a study of 60 TKAs. Kayani et al. [44] provided data
supporting earlier functional recovery with robot-assisted surgery.
Other studies have demonstrated increased operative times with
computer navigation compared with conventional techniques
[19,23]. However, a meta-analysis by Bauwens et al. [18], including
over 3,400 patients who underwent a computer-navigated TKA,
revealed no conclusive impact of technology assistance on func-
tional outcomes, radiographic accuracy, and total complication
rates.

Our study has several strengths, including a large sample size,
geographic representation of all regions of the United States, and
the inclusion of all payer types, making our results generalizable.
Gholson et al. [39] published computer navigation use rates using
the NSQIP database over a 5-year period and concluded that the use
of computer navigation was decreasing. However, the NSQIP
database includes a different annualized sampling of hospitals as
new hospitals continue to enroll. As such, temporal trends identi-
fied in the NSQIP database may not accurately mirror practice
trends in the United States. In contrast, our study showed an
increasing use of both computer navigation and robotic assistance,
using a database that captures 20% representative sampling of all
inpatient discharges. Boylan et al. [40] published similar trends
using a New York database from 2008 to 2015 and found results
consistent with our findings.
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Our study has several limitations. First, this study relies on an
administrative database, which relies on accurate coding. Although
this is an intrinsic source of potential error, studies have shown that
the NIS database captures accurate patient demographic and pro-
cedural data [48,49]. The NIS database has been shown to under-
estimate comorbidities such as obesity and inpatient complications
such as sepsis; however, our study did not rely on comorbidities or
complications to describe temporal trends [48,49]. The use of
voluntary ICD-9 modifier codes may have led to underreporting of
computer navigation and robotic assistance. However, these tech-
nologies can be used to justify increased hospital charges. As such,
hospital billers may have a financial incentive to accurately capture
these codes. Although same-day total joint arthroplasties are of
increasing national interest, outpatient TKAs are not captured in
this study given the NIS database only includes inpatient data.
Finally, our study identified several univariate and multivariate
associations with these technologies; however, no causal conclu-
sions can be derived from these associations.

Conclusions

This study provides national estimates of the use of computer
navigation and robotic assistance in total knee arthroplasties and
demonstrates regional and demographic differences associated
with these technologies. During the study period, a marked in-
crease in the use of these technologies was observed. The use of
these technologies is more prevalent in urban hospitals on Medi-
care beneficiaries and is associated with increased hospital charges.
Further studies are needed to justify the clinical use of computer
navigation and robotic assistance given the increase in the use and
associated costs.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.artd.2019.01.002.
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