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Orthopedic procedures represent a large expense to the Medicare program, and costs of
implantable medical devices account for a large proportion of those procedures’ costs. Physicians
have been encouraged to consider costs in the selection of devices, but several factors make
acquiring information about costs difficult. To assess physicians’ levels of knowledge about costs,
we asked orthopedic attending physicians and residents at seven academic medical centers to
estimate the costs of thirteen commonly used orthopedic devices between December 2012 and
March 2013. The actual cost of each device was determined at each institution; estimates within
20 percent of the actual cost were considered correct. Among the 503 physicians who completed
our survey, attending physicians correctly estimated the cost of the device 21 percent of the time,
and residents did so 17 percent of the time. Thirty-six percent of physicians and 75 percent of
residents rated their knowledge of device costs “below average” or “poor.” However, more than
80 percent of all respondents indicated that cost should be “moderately,” “very,” or “extremely”
important in the device selection process. Surgeons need increased access to information on the
relative prices of devices and should be incentivized to participate in cost-containment efforts.

As the United States struggles to contain the growth in health care spending, the costs
associated with providing medical care have been a focus of attention. Physicians, the
primary gatekeepers of the health care system, control or influence at least 60 percent of
health care costs.! However, they currently receive little training in, or information about,
how to contain these costs.!

More than $150 billion is spent each year on medical devices in the United States.2
Orthopedic and cardiac procedures together account for nearly all of Medicare’s device-
related expenditures, yet most of the recent increases in such expenditures have been a result
of increased utilization of orthopedic devices.3

In 2006 Medicare paid hospitals more for orthopedic procedures than for any other
diagnosis-related group.* The device is often is the single largest contributor to the cost of
an orthopedic procedure—in some cases, accounting for up to 87 percent of the cost.®

The devices used in these procedures often differ substantially in cost.” Since there is little
indication that they yield different clinical outcomes, the choice of device can result in cost
savings.5-2 Thus, orthopedic surgeons have been encouraged to help manage scarce
resources by considering cost in their selection of devices.10

However, several barriers make it difficult for physicians to acquire information about the
cost of devices. First, many medical device companies regard pricing information as
confidential, and most contracts with hospitals include clauses restricting cost disclosure.3-11
Second, the price of a given device may vary widely from one hospital to another.>11 Third,
device costs can fluctuate substantially over time, despite the fact that hospital purchasing
agreements often span multiple years. Fourth, and perhaps most important, most orthopedic
surgeons have no incentive to learn the costs of the devices they use, because those costs do
not directly affect the care they provide to patients or their own reimbursement.12

It is not clear how much physicians know about the costs of the devices they implant. The
study reported here was designed both to assess the extent to which orthopedic surgeons are
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able to estimate the cost of commonly used orthopedic devices and to determine the factors
associated with knowledge about device costs.

Study Data And Methods

Participants

Our study was conducted between December 2012 and March 2013 in the orthopedic
departments of the medical centers at the following seven institutions: Duke University,
Harvard University, the University of Maryland, Mayo Clinic, the University of
Pennsylvania, Stanford University, and Washington University in St. Louis. All orthopedic
attending physicians and residents at these institutions were invited to participate.

The invitations were sent via e-mail and consisted of an introductory cover letter and a link
to an online survey. Respondents were informed that their participation was voluntary and
that their responses would remain confidential and would be reported only in the aggregate.
All elements of the study were approved by the University of Maryland’s Institutional
Review Board.

Survey

Our study involved thirteen common orthopedic devices. Seven of these were stand-alone
devices: a total hip arthroplasty device, a distal radius locking plate, a suture anchor, a tibial
intramedullary nail, a spine pedicle screw construct, an external fixator construct, and a ring
external fixator construct.

We also asked respondents to consider three pairs of devices. The first item in each pair
represented a lower-cost alternative to the second item: a nonlocking plate versus a
precontoured anatomic locking plate applied to the distal fibula, a nonlocking plate versus a
locking plate applied to the humerus, and a sliding hip screw with side plate versus a
cephalomedullary nail applied to the proximal femur. We asked respondents to estimate the
cost of each device in the pair, and we compared their estimates to determine their
assessment of the cost difference between the paired devices. For a select group of fractures,
the higher-cost devices may be more appropriate. However, most clinicians in the field
would agree that both devices are equally effective for the majority of fractures treated with
these implants. Based on their average prices, we grouped devices into the following three
categories of cost: low (less than $500), medium ($500-5,000), and high (greater than
$5,000).

For each of the thirteen devices, we chose the brand made by the most common vendor of
that device at each institution. The device companies represented in our study were Arthrex
(Naples, Florida), DePuy (Warsaw, Indiana), Smith and Nephew (Memphis, Tennessee),
Stryker (Kalamazoo, Michigan), Synthes (West Chester, Pennsylvania), and Zimmer
(Warsaw, Indiana).

The actual cost of each device, defined as the amount paid by the institution to the vendor
for the device, was determined institution by institution. The institutional cost was generally
dictated by a contract between the institution and the vendor. Thus, the cost of each device
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often varied considerably across institutions. The costs of disposable items and other items
not implanted in the patient during surgery were not considered in this study.

In the survey, each device was identified with an x-ray (or photograph, in the case of the
external fixators) and a list of included components. Respondents were asked to estimate the
cost of each device and were instructed to assume that cost was defined as “the contract
price representing the amount your institution currently pays the vendor for the implant
construct.” They were also told to consider only the implanted components shown in the x-
ray or photograph and included in the list of components.

Respondents were then asked about factors that might affect their knowledge of the costs of
devices, including prior participation in device cost activities at their institution—such as
participation on a committee to review device purchasing — and their professional
experience (the number of years in practice for attending physicians and the postgraduate
year for residents). Respondents were also asked to indicate which of the devices they used
on a regular basis (defined as at least once every two months). Finally, using five-point
Likert scales, respondents were asked to rate their own knowledge of device costs and to
indicate the role that they thought cost should play in the selection of medical devices.

We compared respondents’ estimated costs to the actual costs of devices at their institution.
Estimates that were within plus or minus 20 percent of the actual cost were considered
correct. For example, in the case of a device with an actual cost of $2,500, estimates
between $2,000 and $3,000 were considered correct. This range was chosen to facilitate
comparisons with prior studies of estimated medical costs.13

To determine overall device cost knowledge, we calculated the proportion of costs that each
respondent estimated correctly. To determine which factors were associated with device cost
knowledge, we performed logistic regression for each question (as opposed to each
respondent). This allowed us to incorporate respondents’ familiarity with devices, which
varied by device. Factors found to be significant in the univariate analysis were retained in
the multivariate model.

In the multivariate analysis, all variables were simultaneously entered into the model, with
each variable adjusted for all of the others. Associations were estimated on the basis of odds
ratios and 95 percent confidence intervals. P values of less than 0.05 were considered to
indicate statistical significance. All reported p values were two-sided and were not adjusted
for multiple comparisons. Kanu Okike performed the statistical analysis using the statistical
software SAS, version 9.

The results of our study must be considered in the context of our study design. The study
was conducted among orthopedic attending physicians and residents at large academic
medical centers, which may limit its generalizability to physicians in other settings.

Health Aff (Millwood). Author manuscript; available in PMC 2015 April 08.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Okike et al.

Page 5

In addition, some of the factors that we found to be predictive of device cost knowledge in
the multivariate analysis and that achieved statistical significance were associated with only
small absolute differences in responses to questions on the survey.

Finally, our investigation focused on device costs to the hospital because it is hospitals that
purchase the devices from manufacturers. Patient costs were not considered in this study.

Study Results

The response rate for the survey was 96 percent (503 out of 522 attending physicians and
residents at the institutions we studied). Of the 503 respondents, 217 were attending
physicians, and 286 were residents. Thirty percent of attending physicians (66 out of 217)
had previously participated in device cost activities at their institution, as compared to 5
percent of residents (14 out of 286). Among all respondents, the percentage of device costs
estimated correctly was 19 percent (95% confidence interval: 18, 20).

Attending physicians correctly estimated the cost of the device 21 percent of the time (95%
Cl: 19, 23). Of the responses, 42 percent were underestimates, and 38 percent were
overestimates. For all devices, attending physicians’ estimates ranged from 1.8 percent of
the actual price to 24.6 times the actual price.

For the paired devices, attending physicians nearly always correctly identified the more
expensive alternative (99.4 percent). However, they correctly estimated the difference in
cost between the two devices in a pair only 15 percent of the time. The difference was
underestimated 65 percent of the time and overestimated 20 percent of the time.

In the multivariate analysis, a physician’s prior participation in device cost activities at his or
her institution was associated with greater device cost knowledge (Exhibit 1). Cost
knowledge was greater for devices that the physicians used regularly. Cost knowledge also
varied with the cost of the device. In particular, physicians tended to overestimate the price
of low-cost devices and to underestimate the price of high-cost ones (Exhibit 2).

Residents correctly estimated the cost of the device 17 percent of the time (95% CI: 16, 18;
difference from the attending physicians, p < 0.001). Of the responses, 50 percent were
underestimates, and 33 percent were overestimates. For all devices, residents’ estimates
ranged from 1.8 percent of the actual price to 54.1 times the actual price.

For the paired devices, residents—Ilike the attending physicians—nearly always correctly
identified the more expensive alternative (97.2 percent). However, residents underestimated
the difference in cost between the two devices 73 percent of the time.

In the multivariate analysis, the factors associated with residents’ cost knowledge were
postgraduate year and device cost (Exhibit 3). Like the attending physicians, residents also
overestimated the price of low-cost devices while underestimating the price of high-cost
ones (p = 0.02).

When asked about the importance of cost in the selection of orthopedic devices, 8 percent of
all of the respondents said it was “extremely important,” and 30 percent said “very
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important.” Forty-eight percent and 13 percent said it was “moderately important” or
“slightly important,” respectively. Less than 1 percent of respondents believed that cost was
“not at all important” in the selection of devices.
Fifty percent of the attending physicians who responded to the survey assessed their device
cost knowledge as “average,” while 36 percent rated it as “below average” or “poor”
(Exhibit 4). Attending physicians’ self-assessed knowledge was correlated with their actual
knowledge (p < 0.001 for trend). Seventy-five percent of the residents who responded rated
their device cost knowledge as “below average” or “poor.” Residents” self-assessed
knowledge was not correlated with their actual knowledge (p = 0.62 for trend).

Discussion

We are aware of one prior study that assessed surgeons’ knowledge of device costs. In
particular, Streit and colleagues surveyed surgeons at two academic medical centers and
documented a low level of device cost knowledge. While this study had important strengths,
it featured a small sample size (15 responses from attending physicians) as well as a low
response rate (53%), and lacked a consistently applied definition of actual cost.

Prior research has also sought to assess awareness of medication costs among
physicians.14-17 In a recent systematic review of studies of medication cost knowledge,
Michael Allan and colleagues?3 found that cost accuracy was generally low, with only 31
percent of physicians’ estimated drug costs falling within 20-25 percent of the actual cost.
However, many of these prior studies were limited by ambiguous definitions of actual cost,
since the price of a medication often varies by location as well as by prescription plan.

In our study, physicians tended to underestimate the cost of expensive devices while
overestimating the cost of inexpensive devices, which has important practical implications.
A physician in clinical practice often has a choice between two equally effective devices that
differ in cost. By undervaluing high-cost items and overvaluing low-cost items, physicians
may underestimate the amount that could be saved by choosing the lower-cost alternative. In
the paired constructs in our study, attending physicians and residents consistently
underestimated the difference in cost between the high- and low-cost options.

Our study benefited from the fact that we were able to determine the actual contract cost of
each device at each participating institution, a challenging task due to the variety of non-
dislosure clauses in effect at each institution. In addition, we chose common devices and
incorporated institution-specific vendor preferences to ensure that respondents were familiar
with the devices used in the survey. In addition, our study was conducted at seven
institutions that were distributed throughout the country, which might increase the
generalizability of our results.

Finally, our survey had a high response rate, which might reduce the potential for
nonresponder bias.® To achieve this response rate, we employed a variety of strategies. We
made sure that respondents were familiar with the research team by—for example—having
one coauthor at each study site who served as a local champion for the project. We also
designed the survey to be brief and easy to complete, yet interesting; and we sent requests to
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participate at a time when surgeons were likely to be reachable but not too busy, typically in
the early evening.

As the primary gatekeepers of the US health care system, physicians are well positioned to
play a key role in controlling costs. While there may be many items in the hospital for which
physicians do not know the costs, we believe that a knowledge of implantable medical
device costs is particularly important because they represent a convenient target for cost
containment.

As noted above, orthopedic procedures topped the list of Medicare payments to hospitals by
diagnosis-related group in 2006,% and implantable devices account for a disproportionately
large share of the procedure costs.® Little evidence demonstrates the superiority of one
vendor’s device over another, but wide variation in cost is common.> Previous studies in the
orthopedic setting have shown that it is possible to achieve substantial reductions in implant
costs without decreasing the quality of care, primarily by choosing less-expensive
implants.6-9

Previous research has also demonstrated the effectiveness of initiatives to educate physicians
on the costs of the items they order. Several studies have shown that informing physicians
about the cost of diagnostic tests at the time of ordering results in decreased use of tests as
well as in decreased charges.19-24

Unfortunately, this strategy has not been transferable to implantable medical devices
because of the confidentiality clauses that commonly accompany the contracts between
hospitals and vendors of devices.1! The specific provisions of these confidentiality clauses
vary widely, but widespread dissemination of device prices is not an option at many
institutions.

Medical device manufacturers strive to keep their prices confidential so that they may sell
the same implant at a different price to different health care institutions. The amount a
company charges for a particular device may vary widely from one site to another
depending on a number of factors, including procedure volume, institutional bargaining
power, the actual costs of sales and service at the site, and the company’s ability to market
its products to hospitals and surgeons. For example, a company might be willing to accept a
smaller profit margin at an academic institution than at a private practice because having
trainees at the academic center use a device might make it more likely that they would
continue to do so in their future practices.

How, then, are surgeons to be educated about the costs of the devices they implant, without
running the risk of violating confidentiality clauses in hospital purchasing agreements? One
possibility is publicizing relative cost information. The University of Maryland Division of
Orthopaedic Trauma is in the process of implementing such a strategy to decrease device
costs and increase value. The division categorizes devices used in commonly performed
procedures as red, yellow, or green based on their relative prices, and this information is
posted in the operating room as a guide for the surgeon.
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Of course, efforts to increase surgeons’ knowledge of device costs would be considerably
more successful in the absence of confidentiality clauses. Recognizing the cost implications
of these clauses, Sen. Chuck Grassley (R-1A) sought to mandate public disclosure of
implantable device prices with the Transparency in Medical Device Pricing Act, a bill that
was introduced in Congress in 2007 but that did not move beyond the committee stage.
Implementing that requirement would not only have increased surgeons’ access to device
costs, but it would also have given hospitals the ability to negotiate more uniform prices,
thus reducing the wide variation across institutions.311 We found that some devices cost
almost three times as much at one institution than at another.

However, knowledge of device costs might not be enough for surgeons to participate in cost
containment. Surgeons must also be incentivized to make clinical decisions informed, in
part, by knowledge of costs. Most orthopedic surgeons have no financial incentive to learn
the costs of the devices they implant because that information does not influence patient care
or their own reimbursement.

Over the past few decades, many hospitals have sought to incentivize orthopedic surgeons to
participate in cost-containment initiatives through various ways of aligning surgeons’ and
hospitals’ incentives, such as the gain-sharing model.2>-27 In this model, surgeons who
generate cost savings for their institution are rewarded—for example, with a new piece of
equipment, financial support for a physician assistant, or research funds. Aligning incentives
has great potential to motivate surgeons to participate in cost-saving measures, including the
selection of lower-cost devices when medically appropriate.

The use of such models with orthopedists is still sporadic. Yet there is reason to believe that
this situation may change with the implementation of accountable care organizations under
health reform.28.29

It is widely expected that these organizations—in which physicians will be compensated for
care provided to a particular patient population over time, instead of for each procedure
performed—uwill assume a prominent role in the US health care system in the near future. As
part of an accountable care organization, a surgeon would be reimbursed not based on the
number of procedures he or she performed, but according to the quality of care provided and
the ability of the care team to provide cost-efficient care.

Further research is needed to determine the effectiveness of the various strategies for
implant cost containment that are being implemented, including relative pricing and gain
sharing. In addition, as accountable care organizations become more prevalent, it will be
necessary to assess the effect of this shift in incentives, which will affect device costs,
quality of care, patients’ and providers’ satisfaction, and overall cost of care to the health
care system.

Conclusion

In our multicenter survey of 503 orthopedic attending physicians and residents, most
respondents indicated that cost should play an important role in the selection of devices.
However, actual knowledge of device costs was low among attending physicians and
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residents alike. This was true even though our survey asked about common orthopedic
devices, used institution-specific vendors and pricing, and excluded disposable components
and other nonimplanted items.

Surgeons must be educated about the prices of the devices—or at least the relative prices of
various devices—and should be incentivized to learn the prices and to participate in cost-
containment efforts. Many surgeons lack such incentives, but that situation is expected to
change as accountable care organizations and other models of aligning hospitals’ and
surgeons’ incentives become more common.
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Exhibit 2.
Attending Orthopedic Surgeons’ Estimates Of Device Costs, By Device Cost

SOURCE Authors’ calculations.
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Self-reported knowledge

Exhibit 4.
Attending Physicians’ And Residents’ Self-Rated Knowledge Of Device Costs

SOURCE Authors’ calculations. NOTE Categories represent responses to the following
question: “How would you rate your knowledge of orthopedic implant costs at your
institution?”
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