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Take-Home Points

APT components have been shown to be cost-effective when compared to MBT designs in TKA.

¢ Revision rates would have to be substantially lower in MBT to afford a cost advantage over APT
components.

¢ Given that only a small percentage of surgeons routinely use APT components, factors other than cost-
effectiveness must influence the choice of implant.

¢ Surgeons may find that APT components are more technically demanding to use and they do not allow for
modular stems or augmentations.

¢ Institutional cost data is known to vary widely among institutions, and our conclusions regarding

comparable revision rates would change with different cost inputs.

All-polyethylene tibial (APT) implants have been available for use in total knee arthroplasty (TKA) for decades.
Except for one particular implant design, APT implants have shown equivalent functional outcome and
survivorship to metal-backed tibial (MBT) components.' Two recent systematic reviews have demonstrated no
difference in durability or functional outcome between APT and MBT components."* Despite this data, APT
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components continue to be used uncommonly in the United States. Improved technical ease and the theoretical
advantages of modularity are likely responsible for the continued popularity of MBT implants despite the fact that
APT implants cost considerably less than their MBT counterparts.

The importance of cost control in TKA is increasing secondary to changing economic realities of healthcare and
increasing prevalence of joint replacement. Payers are seeking ways to ensure quality care at more affordable
reimbursement rates. Surgeons play a critical role in cost containment and may soon be incentivized to make cost-
effective decisions under proposed gainsharing programs. Implants account for a substantial portion of hospital
costs for knee replacement and have been suggested as an essential part of cost control.’ As such, surgeons in the
United States will probably need to factor in value when selecting implants and be required to justify the
additional cost of “premium” implants.

Given recent systemic reviews concluding both equivalent effectiveness and survivorship, the APT component
would appear to be inherently cost-effective when compared with an MBT design. However, the degree to which
this implant is cost-effective has been difficult to quantify. The purpose of this study is to take a novel approach to
examine the cost-effectiveness of APT components by determining what theoretical difference in revision rate
would make modular MBT implants a more cost-effective intervention using our institutional cost data.

Materials and Methods

A Markov decision model was used to evaluate the cost-effectiveness of APT components.* A Markov decision
model is a mathematical framework for modeling decision making in situations where outcomes are partly random
and partly under the control of a decision maker. They are powerful tools for determining the best solution from
all feasible solutions to a given problem. A decision model was constructed (Figure 1) to depict patients with
arthritis of the knee being treated with either APT or MBT implants in a fashion similar to previously published
models.’ At each point of a patient’s health status in the 20 years following surgery, they are either considered
well after total knee replacement, well after revision surgery, or dead. Patients transition through the decision
tree and pass through different states according to the probability of each event occurring, a process that is
discussed further below. A utility value, measured in quality-adjusted life years (QALYs), and a cost are assigned
to every health state and both primary and revision procedures within the model. The model is designed to
determine the maximum failure rate for which the APT is the more cost-effective option.

The model probabilities used for survival and mortality following TKA were adapted from those published
previously in the literature.’ A utility value was assigned to each health state. The utility after initial surgery was
set to 0.83 and utility after revision was set to 0.6.> These values were obtained from the Swedish Registry and
Tufts Cost-Effectiveness Registry, respectively. We also included a disutility of -0.1 for the first year after surgery
and -0.2 for the first year after revision, to account for the disutility of undergoing surgery and the post-surgery
recovery. Disutilities represent the negative preference patients have for a particular health state or outcome,
such as primary or revision knee arthroplasty.’ It is assumed that there is a higher morbidity associated with
revision arthroplasty vs primary arthroplasty and, thus, has a higher disutility value assigned to it.

We assumed the age at the initial surgery to be 65 years. Age-specific mortality rates were taken from the 2007
United States Life Tables published by the Centers for Disease Control and Prevention.® An additional probability
of .007 of dying during the surgery or postoperative from the initial surgery and a probability of .011 from the
revision was included.

Costs for the surgery were obtained from the University of Virginia’s billing department. We obtained the average
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cost for the diagnosis-related group in 2012. The cost of primary knee replacement was $17,578.06 with MBT
implants. We subtracted institutional cost savings for the APT that could be achieved to obtain a cost of
$16,272.10 for the APT. The cost of revision was $21,650.34 and assumed to be the same regardless of the type of
initial surgery. A 3% discount rate was used.

The costs, QALYs, and probabilities were then used to compute cost-effectiveness ratios, or the cost per additional
QALY, of the 2 options. Unlike previous models published in the orthopedic literature, we assumed a constant
probability of revision for the MBT. We initially assumed a 1.0% probability of failure per year for the MBT
implant. We then determined what revision rate for the APT would be necessary to be cost equivalent with the
MBT. A sensitivity analysis was performed to examine the impact of varying assumptions regarding the rate of
revision.

Results

Under our institutional cost data and model assumptions with a 1% annual failure rate for MBT implants, an
annual failure rate of 1.6% for APT components would be required to achieve equivalency in cost. Over a 20-year
period, a failure rate of >27% for the APT component would be necessary to achieve equivalent cost compared
with the proposed failure rate of 18% with MBT components.

A two-way sensitivity analysis for probabilities of failure was performed to compare revision probabilities of the
APT with those of MBT components. The preferred strategy graph is included in Figure 2. This graph shows how
varying annual revision rates for both the APT and MBT would impact which option would be preferable. For
example, on the graph, an annual failure rate of 1.6% for APT implants would be cost equivalent to a 0.1% annual
failure rate for MBT implants at 20 years. A 2.0% annual failure rate for the APT would be equivalent to a 1.4%
annual failure rate for the MBT, and a 2.5% failure rate for the APT would be equivalent to a 1.8% MBT failure
rate. Holding the APT failure rate constant at 2.5%, any MBT failure rate <1.8% would make the MBT the more
cost-effective option, whereas a failure rate >1.8% would make the MBT less cost-effective than the APT. For
probability combinations that fall in the lower right area of Figure 2, the APT is preferable, and for probability
combinations that fall in the upper left area, the MBT is preferable. The line separating the 2 areas is where 1
would be indifferent, such that the cost per additional QALY is the same for both procedures.

Discussion

In light of the current economic climate and push for cost savings in the United States healthcare system,
orthopedic surgeons must increasingly understand the realities of cost and the role it plays in the assessment of
new technology. This concept is especially true of TKA as it becomes an increasingly common operative
intervention. Utilizing cost savings techniques while ensuring quality outcomes is something that needs to be
championed by healthcare providers.

Ideally, the introduction of a new medical technology that is more expensive than preexisting technology should
lead to improved outcomes. Multiple randomized radiostereometric and clinical outcome studies looking at failure
rates of APT compared with MBT have consistently suggested equivalence or superiority of the APT design when
modern round-on-round implant designs are utilized.”"” Two recent systematic reviews demonstrated that APT
components were equivalent to MBT components regarding both revision rates and clinical scores."'* Given these
results, it seems that the increased use of the APT design could save the healthcare system substantial amounts of
money without compromising outcomes. For example, in 2006 Muller and colleagues'® proposed a possible cost
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savings of approximately 39 million dollars per year across England and Wales, if just 50% of the 70,000 TKAs
performed annually used APTs. Our study, which helps quantify the potential cost-effectiveness of the APT design
in terms of revision rates, should help further support this debate and provide a framework for the evaluation of
new technology.

It should be noted that the results of this current study are based on both assumptions and generalizations.
Institutional cost data is known to vary widely among institutions and our conclusions regarding comparable
revision rates would change with different cost inputs. We are also unable to take into account individual patients,
surgeons, or specific implant factors. It is very difficult to place a price on quality-adjusted life years and negative
repercussions with revision surgery. Furthermore, speaking specifically about surgical technique, each surgeon
has his/her own preference when performing TKA. There is a lack of intraoperative flexibility when using
monoblock tibial components that many surgeons may find undesirable. A surgeon is unable to adjust the
thickness of the polyethylene insert after cementation of metal implants. Finally, we are aware that cost-
effectiveness analyses cannot take the place of rational clinical decision making when evaluating an individual
patient for TKA. Patient age, body mass index, and deformity are all factors that may dictate the use of MBTs in an
attempt to improve outcomes.

The results of this analysis help quantify the cost-effectiveness of the APT. Given the additional cost, the MBT
design would have to lower revision rates substantially when compared with the APT design to be considered cost-
effective. Multiple clinical studies have not shown this to be the case. Further studies are required to help guide
clinical decision making and define the role of APT components in TKA.
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Figure 1. The Markov decision model, used to model patients with end-stage arthritis of the knee being treated with all-polyeth-
ylene or standard components.
Abbreviations: APT, all-polyethylene tibial; MBT, metal-backed tibial.
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Figure 2. Sensitivity analysis used to compare revision probabilities of all-polyethylene (all-polyethylene tibial) with those of
standard (metal-backed tibial) components.
Abbreviations: APT, all-polyethylene tibial, MBT, metal-backed tibial,
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