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Abstract

Our aim in this article is to describe the impact that navi-
gation technology has had on the market share of a com-
munity hospital and, specifically, to determine whether a
high-volume surgeon using these technologies actually
costs the hospital more than other surgeons at the same
hospital and more than national means. In addition, we
develop a comparable cost-effectiveness model for
robotic technology in unicompartmental knee arthro-
plasty to demonstrate the potential cost-effectiveness
at the same hospital.

ntroducing new technologies (eg, computer navigation
and, more recently, robotics) into the operating room
has an undeniable initial capital equipment cost or lease
(approximately $150,000-$300,000 for navigation, up to
$800,000 for robotics), a per-case disposable cost, and opera-
tional costs.! Opponents of these technologies argue that these
incremental costs are unjustified or unnecessary. Proponents of
these technologies have demonstrated that, if the technologies
are able to lower revision rates to a specific level, then they may
be cost-effective.>* It has been predicted that, after 10 years
of computer navigation use in total knee arthroplasty (TKA),
revision rates would have dropped by 1.6%, resulting in a
relative cost-per-case reduction of $1,100 for computer naviga-
tion ($13,200) compared with conventional knee replacement
($14,300).* Long-term data regarding whether navigation
prolongs implant life or decreases costly revisions are limited
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because of the relatively recent and slow implementation of
imageless systems. Study results have shown that there is an
incremental cost of $871 more per case when using com-
puter navigation versus conventional guides.> As the volume
of arthroplasties increases, the cost lessens a mean of $463
per primary TKA, making computer navigation more cost-
effective. Navigation can lengthen operation times by 11 to 18
minutes, possibly more during the learning curve.> Surgeons
who have trained residents assisting in pin placement have
demonstrated decreased overall operating time.

“...if the technologies are able
to lower revision rates to a

specific level, then they may
be cost-effective.”

Cost-effectiveness data from actual use of either naviga-
tion or robotic technology are scant. Most authors use sta-
tistical models or hypothetical scenarios. Dong and Buxton’
addressed cost-effectiveness in navigated TKAs, but imped-
ing factors caused their model to overestimate, by $430/case,
the cost of computer-assisted surgery (CAS). Navigation costs
can be justified if intraoperative and postoperative complica-
tions can be reduced through use of navigation. Navigation
has demonstrated both decreased blood loss® and cerebro-
vascular emboli,’ thus providing cost savings associated with
less transfusion, less unnecessary and wasted autologous
blood donation, and decreased cost of hospitalization.

Lack of data has contributed to the slow adoption of these
precision technologies. Only 3% to 5% of knee replacements
involve navigation technology, despite some evidence that
navigation improves radiographic alignment in TKA 2>10-19
Navigation is advocated particularly when there are complex
posttraumatic deformities or when hardware makes use
of intramedullary instruments impossible or impractical.®
Diminishing reimbursements have contributed to resistance
to adoption of computer navigation technology. Rising costs
of implants (up to 50% of the expense of joint replacement
service lines), coupled with decreased margins, payer mix,
and lower reimbursement, influence decision makers (hospi-
tals, surgeons) when they consider adopting new technology.
Category III Current Procedural Terminology (CPT) tempo-
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Table I. Comparative Charge Data??
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Statistics
DRG 81.54 Medicare CAS (MLS) Hospital National
2004
Charges $33,518 $30,816 $32,359 $33,722
Length of stay (days) 4 2.9 3.2 3.9
Discharge home rate 25% 39% 30%
2005
Charges $35,830 $32,638 $35,055 $35,946
Length of stay (days) 4 2.6 3 3.8
Discharge home rate 28% 71%* 33%
2006
Charges $39,124 $33,376 $37,444 $39,064
Length of stay (days) 3.8 2.5 2.9 3.7
Discharge home rate 31% 77%* 36%

Abbreviations: DRG, diagnosis-related group; CAS, computer-assisted surgery; MLS, Michael L. Swank, MD.

rary codes for computer-assisted TKA and total hip arthro-
plasty (THA), passed in 2004, can track use and expense.
Only after a lengthy evaluation can the category III code be
converted to a category I code, which offers payment. Another
substantial reimbursement barrier is the appeals process. The
2004 Centers for Medicare and Medicaid Services (CMS)
International Classification of Diseases Ninth Revision of
procedural codes for hip and knee navigation provides a cost
basis for future analysis of use and costs.®

Even less evidence exists for use of newer robotic technology,
and the larger capital equipment purchase required for this tech-
nology clearly could be an impediment to adoption. Early data on
robotic unicompartmental knee arthroplasty (UKA) appear prom-
ising, with improved Western Ontario and McMaster Universities
Osteoarthritis Index and Knee Society scores at 6 weeks and 3
months."> Robotic technology offers reproducibility and reliabil-
ity with preoperative planning to achieve consistent results and
accuracy of implant alignment in UKA 2

Our aim in this article is to describe the impact that
navigation technology has had on the market share of
a community hospital and, specifically, to determine
whether a high-volume surgeon using these technologies
actually costs the hospital more than other surgeons at the
same hospital and more than national means. In addition,
we develop a comparable cost-effectiveness model for
robotic technology in UKA to demonstrate the potential
cost-effectiveness at the same hospital.

COMPUTER NAVIGATION FOR

ToTAL KNEE ARTHROPLASTY
One of the authors, Michael L. Swank, MD (MLS), prac-
tices at a 200-bed community hospital that performs more
than 1,000 joint replacements a year. A computer naviga-
tion system for arthroplasty surgery was purchased in 2001,
and the first navigated knee replacement was performed in
December of that year. When imageless software became
available in March 2002, MLS performed all primary knee
replacements with this technology. No direct marketing
funds or advertising was provided by the hospital or by the

author to promote this technology. The study consisted of
reviewing medical use data (MIDAS database) at MLS’s
institution and comparing the direct costs of medical care,
length of stay (LOS), and discharge disposition to his peers
at the institution.

To determine the impact of this technology on the
hospital and the author’s practice, we reviewed hospital
joint replacement volume as reported by CMS standards
from 2000 to 2007. Furthermore, to determine the cost-
effectiveness of this technology for MLS versus other
physicians at the hospital, we compared the aggregate
per-case charge data for 2007. Finally, to determine cost-
effectiveness versus national standards, we compared the
author’s cost data with published Medicare data for 2004
and 2005.

Hospital Joint Volume
The data presented in the Figure represents all primary
total hip and total knee surgeries performed at the Jewish
Hospital for the years represented compared with the total
hip and total knee surgeries performed by MLS only.

Primary Joint Surgeries
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Figure. Primary joint surgeries by year, 2000-2007.
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Table Il. Total Knee Arthroplasty Data (MLS MIDAS Data)

Year N LOS (days) Charge ($)
2004 138 MLS 2.9 30,816
355 Total 3.2 32,359
2005 178 MLS 2.6 32,638
471 Total 3.0 35,055
2006 219 MLS 2.5 33,376
516 Total 2.9 37,444
2007 284 MLS 2.4 33,801
624 Total 2.7 38,877
2008 145 MLS 2.5 36,410
532 Total 2.6 40,956

Abbreviations: MLS, Michael L. Swank, MD; LOS, length of stay; MIDAS, Models of Infectious Disease Agent Studly.

Comparative Charge Data

Comparative charge data from available Medicare and nation-
al (all-payer) data were available for 2004 through 2006.
MIDAS database/medical use review data were compared
with the Medicare and national data for total charges, LOS,
and percentage of patients discharged home rather than to
inpatient rehabilitation or a skilled facility. MLS’s computer-
assisted volume of knees was compared with the combined
hospital surgeon data, predominantly using the conventional
method of joint replacement (next highest volume surgeon).
TKA charges for the author in 2004 (3 years after he began
using CAS) was $30,816 per case using navigation compared
with the national mean of $33,722 (significant at P<.001;
SE, 0.07) (Tables I, II). MLS demonstrated LOS of less
than 3 days for all hip and knee arthroplasties using CAS,
as compared with the 3- and 4-day Medicare, national, and
combined hospital data (Tables I, IT). The author’s discharge-
to-home rate was 71%, triple that of Medicare, national, and
combined hospital data for 2005-2006 (Tables I, II).

In fiscal year 2007, doctors at the hospital performed
624 primary TKAs, 284 (45%) of which were by MLS.
Mean charge per TKA for the entire hospital was $38,877,
and mean LOS was 2.7 days. Mean per-case charges for
CAS-TKAs performed by MLS were $33,801, and LOS
was 2.4 days. Overall, for the institution, 78% of the knees
were discharged to home compared with 86% of TKAs
performed by MLS (Tables 1, II).

RoBOTIC SURGERY FOR UNICOMPARTMENTAL
KNEE ARTHROPLASTY
Successful clinical outcomes after UKA depend on accurate
component alignment, which can be difficult to achieve with
manual instrumentation. Computer navigation can help make
implantation accurate by guiding the position of the surgical
cutting guides or the implant within the patient. However,
continuing to rely on manual cutting blocks and alignment
jigs in combination with the smaller exposure inherent in
UKA surgery has left room for improvement in this proce-
dure. A newly developed technology uses haptic robotics in
place of traditional UKA instrumentation. The difference is

that traditional UKA instrumentation can be used to deter-
mine where the resection should be made, but conventional
saws and guides are still used, whereas haptic robots deter-
mine the appropriate resection and guide resection with novel
“smart tools” and unique precision.

The accuracy of bone resection with conventional CAS
still relies on how accurately the surgeon places the cutting
and alignment jigs relative to the CAS guidance and how
accurately the cutting saw executes the resection. In contrast,
robotically assisted orthopedic surgery eliminates the need
for manual cutting blocks and alignment jigs, reducing soft-
tissue disruption. In addition, through surgeon-interactive
tactile feedback, the robotic system not only allows the sur-
geon to plan a resection that meets the needs of a particular
patient but ensures that the resection is executed precisely
according to plan. This feedback provides levels of accuracy,
precision, and safety not capable with conventional CAS
techniques. It also brings a level of participation that allows
the surgeon to operate the system and not just evaluate the
information. However, this technology comes at a significant
initial capital equipment cost to the hospital.

Market for Unicompartmental Knee Arthroplasty
The first issue to consider is whether the market size war-
rants the up-front capital expenditure for this technology.
In 2007, approximately 45,000 UKAs and 633,000 primary
knee arthroplasties were performed. The market is likely
much larger. Authors of an unpublished Duke University
survey reported that, of the patients whose physicians rec-
ommended TKA or THA, a staggering 92% of men and
88% of women chose not to undergo these surgical proce-
dures. These data translate to a potential derived primary
knee arthroplasty market of 6 million cases. Assuming
that approximately 10% of knee arthroplasties are UKAs,
the current market potential is for 600,000 UKAs. Review
of the literature reveals a broad range of findings, with
incidence of medial osteoarthritis at 4% to 50%. Riddle
and colleagues?!' found that UKA incidence in the United
States is growing at a rate of 32.5%, as compared with 9.4%
for TKA.
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Increased Volume of UKA and TKA

Clinical volume growth is expected with this novel technol-
ogy. For instance, the first robotic-arm—assisted UKA was
performed in June 2006. At the inaugural site, the surgeon’s
personal UKA volume increased from 21 cases during the
year immediately preceding robotic-arm technology imple-
mentation to 65 robotic-arm—assisted UKA implantations
during the first year of clinical use—representing 310%
growth in 1 year. During the same year, the surgeon’s TKA
volume increased from 295 to 448 cases, a 13% increase.
This represents growth of 28% across all knee arthroplasty
procedures, clearly exceeding the typical 7% to 8% organic
annual growth predicted from Medicare knee arthroplasty
procedural data. This “halo” effect is the result of a limited
degree of public relations initiatives and primarily results
from word-of-mouth patient references.

Cost-Effectiveness of UKA Versus TKA
Robertsson and colleagues*? compared the cost of implants
and hospital stay of UKA versus TKA based on the expenses
incurred for the index procedure while taking into account
the number of revisions to be expected. Risk for revision was
estimated with survival statistics from the Swedish Registry;
also estimated were risk for second revision and risk for
infection. Compared with TKA patients, UKA patients had a
2-day-shorter hospital stay and fewer serious complications.
Robertsson and colleagues concluded that UKA in appropri-
ate patients represents a cost savings over TKA.

Return on Investment for the Hospital

Mean contribution profit for UKA (diagnosis-related group
[DRG] 470, 81.54) is highly dependent on many factors,
including patient age/payer mix, hospital cost-efficiencies,
and ratio of reimbursement capture relative to charges. For
this analysis, the per-case conservative contribution profit
assumption is $3,500. A preoperative computed tomography
(CT) scan, part of the robotic UKA protocol (CPT 73700),
generates $125 for the hospital. Mean LOS for TKA is
3.7 days compared to 1 day for a robotic UKA. At a mean
hospital cost of $450 per nonsurgical day, the net LOS cost
savings of doing robotic UKA is $790 (LOS cost savings of
$1,215 times the payer-mix Medicare [DRG 544, 81.54] of
65%). Mean cost of the robotic UKA implants ($3,700) is
less than the mean cost of TKA ($4,500). Thus, the per-case
contribution margin for an inpatient robotic UKA is $5,090.

Recent coding and coverage changes instituted by
CMS may have changed this landscape considerably, and
orthopedic surgical service providers may be rewarded
for executing UKA on an outpatient basis. Hospital out-
patient reimbursement is higher than inpatient reimburse-
ment for UKA. Under CPT 27446/Ambulatory Payment
Classification 681, hospital outpatient payments have
increased dramatically over the past 2 years, from $12,643
to $17,495 per case. For operators of ambulatory surgery
centers (ASCs), payments for UKA are now based on
Medicare’s final January 2008 ASC rule, allowing reim-
bursement at a discounted payment of 65% of the mean
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hospital outpatient payment. So, under CPT 27446, an ASC
would receive $11,372 (or 65% of the hospital outpatient
department payment of $17,496). The difference makes the
contribution profit for outpatient robotic UKA $10,290.
With an estimated inpatient/outpatient mix of 25%/75%,
mean contribution profit is then $5,790.

If we assume incremental increases in the number of
robotic UKA procedures and TKA procedures—350 and 20
(respectively) in year 1, 70 and 30 (respectively) in year
2, and 90 and 40 (respectively) in year 3—then return on
investment occurs in just more than 2 years with a single
application.

Predicted Case
As mentioned, doctors at MLS’s hospital performed 624
primary TKAs in 2007. Of these procedures, 39 (6%) were
UKAs.

“This scenario would result in
the hospital completely recouping

the entire cost of the robotic
technology in 2 years...”

Unpublished Duke University study results suggest that,
in MLS’s community, there is a pool of more than 5,700
patients who have osteoarthritis and would benefit from
knee arthroplasty, and, at a minimum, 10%, or 570 patients,
have unicompartmental disease and would be potential can-
didates for UKA. Yet, only 39 UKAs were performed at
the hospital, making its potential market almost 50% larger
than the current knee arthroplasty volume. If 63 UKAs
were performed there, and the patients were discharged
on postoperative day 1 (PODI) instead of on the hospital
mean of POD2 for total knees, the potential cost savings
in a single year, with the added reimbursement for the
unicompartmental procedure, would be $186,529 for the
24 additional cases and $303,109 for the current unicom-
partmental replacements. Total yearly incremental revenue
to the hospital by Medicare fee schedules alone would be
$489,638 for 2007.

Furthermore, assuming the hospital continues to develop
its knee business at a rate of 15% per year, as it has for the
past 5 years, the annual unicompartmental procedure volume
would grow to approximately 72 the next year and another
$559,587 in (incremental revenue and) cost savings without
any increase in business over the historical growth. This sce-
nario would result in the hospital completely recouping the
entire cost of the robotic technology in 2 years in this commu-
nity hospital setting, even without an assumed incremental
increase in market share.

CONCLUSIONS
For new orthopedic technology to be widely adopted,
there must be a favorable net revenue for institutions, less
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strain on systems, improved patient outcomes with implant
durability, and increased demand from consumers. CAS
has been cost-effective without increasing the burden on
hospital work flow or increased operating room time. Mean
charges for navigation, LOS, and discharge to home can
be significantly lower than CMS, national, or combined
hospital charges.

Applying the cost estimates of robotic technology for
UKA demonstrates that even the relatively expensive capital
equipment cost of robotic technology can easily be regained
within a 2-year period without assuming any increase in
market share, which likely grossly underestimates the net
positive economic impact of these technologies.

From a patient’s perspective, the rapid recovery, extend-
ed implant durability, and decreased revision rates that may
be possible with the accuracy of robotic arm technology in
UKA or bicompartmental arthroplasty may in fact be ...
priceless.
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