
D
ow

nloaded
from

http://journals.lw
w
.com

/jbjsjournalby
BhD

M
f5ePH

Kav1zEoum
1tQ

fN
4a+kJLhEZgbsIH

o4XM
i0hC

yw
C
X1AW

nYQ
p/IlQ

rH
D
3i3D

0O
dR

yi7TvSFl4C
f3VC

4/O
AVpD

D
a8K2+Ya6H

515kE=
on

11/17/2021

Downloadedfromhttp://journals.lww.com/jbjsjournalbyBhDMf5ePHKav1zEoum1tQfN4a+kJLhEZgbsIHo4XMi0hCywCX1AWnYQp/IlQrHD3i3D0OdRyi7TvSFl4Cf3VC4/OAVpDDa8K2+Ya6H515kE=on11/17/2021

Patient Perspectives on the Cost of Hand Surgery
Elizabeth P. Wahl, MD, Joel Huber, PhD, Marc J. Richard, MD, David S. Ruch, MD,

Suhail K. Mithani, MD, and Tyler S. Pidgeon, MD

Investigation performed at the Department of Orthopaedic Surgery, Duke University Medical Center, Durham, North Carolina

Background: Health-care expenditures in the U.S. are continually rising, prompting providers, patients, and payers to
search for solutions to reduce costs while maintaining quality. The present study seeks to define the out-of-pocket price that
patients undergoing hand surgery are willing to pay, and also queries the potential cost-cutting measures that patients are
most and least comfortable with. We hypothesized that respondents would be less accepting of higher out-of-pocket costs.

Methods: A survey was developed and distributed to paid, anonymous respondents through Amazon Mechanical Turk.
The survey introduced 3 procedures: carpal tunnel release, cubital tunnel release, and open reduction and internal fixation
of a distal radial fracture. Respondents were randomized to 1 of 5 out-of-pocket price options for each procedure and
asked if they would pay that price. Respondents were then presented with various cost-saving methods and asked to
select the options that made them most uncomfortable, even if those would save them out-of-pocket costs.

Results: There were 1,408 respondents with a mean age of 37 years (range, 18 to 74 years). Nearly 80% of respondents
were willing to pay for all 3 of the procedures regardless of which price they were presented. Carpal tunnel release was the
most price-sensitive, with rejection rates of 17% at the highest price ($3,000) and 6% at the lowest ($250). Open reduction
and internal fixation was the least price-sensitive, with rejection rates of 11% and 6% at the highest and lowest price,
respectively. The use of older-generation implants was the least acceptable cost-cutting measure, at 50% of respondents.

Conclusions: The present study showed that most patients are willing to pay a considerable amount of money out of
pocket for hand surgery after the condition, treatment, and outcomes are explained to them. Furthermore, respondents
are hesitant to sacrifice advanced technology despite increased costs.

H
ealth-care expenditures in the U.S. are continually
rising, prompting providers, patients, and payers to
search for solutions to reduce costs while maintaining

quality1-6. In recent years, health insurance policies have shifted
costs to patients in the form of higher deductibles and copays.
Thus, the opinion of patients regarding the cost of health care
has become increasingly important.

In contrast with consumer goods, the cost and quality of
health care are much less transparent. Patients often lack the
information required to understand necessity and quality re-
garding tests, procedures, etc.6-8. Despite this, it has been theo-
rized that increasing price transparency and cost-sharing could
lead to cost reduction by stimulating price competition and
encouraging patients to make cost-conscious decisions2,6,9.

There is a large body of hand surgery literature investi-
gating the cost-effectiveness and cost variation for common
hand surgical procedures and conditions4,10-12. Kazmers et al.
demonstrated that a carpal tunnel release (CTR) performed
under local anesthesia in a procedure room was associated with
significantly lower cost11,12. The authors later found that implant

considerations had the greatest impact on the cost of surgically
treating a distal radial fracture (DRF)11,12. Although these studies
point out potential areas of cost savings, they do not account for
patient preference.

As we move toward directing care toward patient prefer-
ences, a growing body of research has focused on patient per-
spectives regarding quality of care13-16. The transition from a fee-
for-service model of reimbursement to a pay-for-performance
model has emphasized the importance of patient-reported out-
comes and satisfaction. The literature currently lacks a patient-
centered perspective on health-care costs, as evidenced by a 2016
systematic review17, which showed that there was a lack of health-
economic studies involving the patient perspective and that,
among the studies that did include such a perspective, few also
included data on patient costs17.

The purpose of the present study was to investigate patient
willingness to pay for 3 representative hand surgical procedures.
Secondarily, the study examined aspects of hand surgical care
(e.g., diagnostics, implants, etc.) that patients would bemost and
least willing to sacrifice on quality in order to save on cost. We
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hypothesized that patients would be less willing to pay as the
price increased, regardless of the procedure.

Materials and Methods

After obtaining institutional review board exemption, a
digital survey was developed to query respondents re-

garding their willingness to pay for each of 3 hand surgical
procedures: CTR, cubital tunnel release (CuTR), and open
reduction and internal fixation of a DRF (ORIF DRF). These
procedures were chosen with the intent to investigate a few
points. First, we speculated that CTR is a “household name”
and that most laypeople would have heard of this procedure.
CuTR was chosen because cubital tunnel syndrome was similar
to carpal tunnel syndrome, yet it was less well known, the
diagnosis was not always as certain, and the treatment out-
comes were less predictable (i.e., improvement rates from 65%
to 75%18,19 compared with 90% to 95% for CTR20,21). ORIF DRF
was chosen because DRF causes immediate disability to the
patient, which is easy to describe and understand. Further-
more, the procedure is more urgent than the others and can be
technically challenging. Data collection adhered to STROBE
(Strengthening and Reporting of Observational Studies in
Epidemiology) guidelines.

Participant Survey Process
Survey participants were recruited from an online crowd-
sourcing marketplace, Amazon Mechanical Turk (MTurk)22.
Inclusion criteria were purposefully broad, with respondents
needing to be ‡18 years old and residents of the U.S. The
MTurk platform brings together “requesters,” who post tasks
like surveys, and “workers,”who can browse the list of tasks and
are compensated to complete them. TheMTurkmethod of data
collection has been previously validated for obtaining high-
quality data in an inexpensive and rapid manner14,23-25.

An anonymous, online survey was utilized to efficiently
recruit many respondents without risking protected patient
information. Furthermore, the online survey allowed for a
broad cross-section of respondents beyond the catchment area
of our institution.

Prior to release of the final survey, a pilot survey was
given to 100 participants to provide assurance that the survey
was well-comprehended. It showed that <5% of respondents
refused to pay for the surgery regardless of price and procedure.
In response, the out-of-pocket costs of each surgery were
increased in the final survey.

To be able to confirm the impact of price and procedure,
a sample approaching 1,500 was needed to ensure that the
standard error of proportions would be <3 percentage points.
The respondents were compensated $1.50 for taking the survey.

The survey description on Amazon MTurk was “How
Much Should Hand Surgery Cost? The Patient Perspective.”
The purpose of the title was to recruit survey respondents with
some basic health-care knowledge and/or interest. This effort
was successful, as nearly 50% of our respondents reported
health-care work experience and 67% reported a history of
upper-extremity surgery.

The survey gathered demographic data, including age,
sex, income, assets, level of education, geographic location,
insurance provider, and whether or not the respondent
was a health-care worker or had ever undergone a surgical
procedure.

Respondents were introduced to each condition in a
random order with use of short vignettes that described the
condition as well as its treatment options and expected out-
comes (Fig. 1). Next, respondents answered questions in order
to assess their understanding of the condition and to encourage
continuous attention. Respondents were then asked to imagine
that a surgeon had diagnosed them as having the condition and

Fig. 1

The vignette for carpal tunnel syndrome from the MTurk survey, which briefly explained the condition, symptoms, results of severe cases, surgical

treatment, risks of surgical treatment, and expected outcomes.
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recommended surgical treatment. The proposed cost of that
treatment was randomized at 1 of 5 levels: $250, $1,000, $1,500,
$2,000, and $3,000, and respondents were asked if they would
pay that price. Figure 2 shows the vignette for carpal tunnel
syndrome with the respondent randomized to the $2,000 price
option. Respondents then completed the same process for the
remaining 2 procedures. The 5 treatment cost options were
chosen according to responses from the pilot survey, in which
there was a 95% acceptance rate with a price ceiling of $1,500.
We did not go higher than $3,000 because of the economic
phenomenon that the average American would have difficulty
making ends meet if their monthly expenses increased unex-
pectedly by $1,000 to $3,000 in a month26.

After respondents had indicated whether they would
pay the assigned cost, a total of 10 potential cost-cutting mea-
sures were presented, and respondents were asked to choose a
maximum of 5 that they found most concerning. These cost-
cutting options (Table I) represent choices in an episode of care

that could reasonably be adjusted to save costs, such as the use of
generic medication or the avoidance of advanced imaging.

Finally, the survey asked participants to rate the ease or
difficulty of the survey and to provide constructive feedback.
The full survey is available in the Supplementary Materials (see
Appendix).

Statistical Analysis
Regression analyses were performed for each procedure. The
outcome variable was the percent of respondents rejecting
surgery at each of the 5 price options. An independent re-
gression analysis was performed for each procedure. For each
price point, the regression lines provided estimates of the linear
change in refusal of surgery for every $100 cost increase. The R2

values were calculated to show how well the data fit those
regression lines. A post-hoc principal component analysis
with a varimax rotation was performed for the 10 cost-cutting
measures for the procedures. This analysis identified 2

Fig. 2

An example from theMTurk survey asking the respondent to imagine that he or she has been diagnosed with severe carpal tunnel syndrome, randomized to

pay $2,000 for the surgical treatment.

TABLE I Cost-Cutting Options

The use of generic medications instead of name-brand drugs (e.g., anesthesia, postoperative pain medications, antibiotics, etc.)

Administration of anesthesia by a nurse anesthetist (CRNA) instead of by a physician anesthesiologist (MD/DO)

Having the surgery performed at a community hospital instead of at a major academic center

Having the surgery performed in a procedure room or free-standing surgery center instead of a hospital operating room

The use of older-generation versus the newest implants and devices

One visit with a hand therapist with instructions for a home-exercise program instead of weekly visits with a hand therapist during recovery

Postoperative visits with the physician assistant (PA) or nurse practitioner (NP) instead of the surgeon (MD) in the absence of a complication

Having video or telephone-based postoperative visit(s) instead of in-person postoperative visit(s) in the absence of a complication

Forgoing advanced imaging such as computed tomography or magnetic resonance imaging in favor of cheaper imaging such as radiographs

Relying on the physical examination for diagnosis instead of confirmation of the diagnosis with further testing, such as a nerve study
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dimensions that accounted for 31% of the variation in the
original data. Correlations then identified unique, significant
relationships between patient characteristics and their factor
scores on each of 2 dimensions.

Source of Funding
The study was completed with an educational grant by the
Piedmont Orthopaedic Society. The outside source of funds
was utilized in data collection but was not utilized in the
preparation or editing of the manuscript.

Results

Atotal of 1,500 respondents participated in the survey. Of
these, 92 respondents were excluded, including 44 for not

completing the survey and 48 for completing the survey in under
3 minutes (compared with the overall average completion time

TABLE II Demographic Information

Characteristic N Percentage

Age

18-25 yr 119 8.45%

26-30 yr 376 26.70%

31-35 yr 304 21.59%

36-40 yr 195 13.85%

41-50 yr 234 16.62%

51-60 yr 123 8.74%

‡61 yr 54 3.84%

Sex

Male 924 65.63%

Female 480 34.09%

Marital status

Single 313 22.23%

Married 1,037 73.65%

Widowed 11 0.78%

Divorced 41 2.91%

Race

White 843 59.87%

African American 325 23.08%

Asian 61 4.33%

Native American 44 3.13%

Hawaiian 10 0.71%

Hispanic 190 13.49%

Geographic region

Northeast 355 25.21%

Southeast 405 28.76%

Northwest 177 12.57%

Southwest 225 18.11%

Midwest 235 16.69%

Alaska/Hawaii 5 0.36%

U.S. territory 4 0.28%

Outside U.S. 1 0.07%

Level of education

Less than high school 2 0.14%

Some high school 4 0.28%

High school graduate or equivalency
degree

58 4.12%

Some technical school/community
college

45 3.20%

Technical school/community college
graduate

35 2.49%

Some college 108 7.67%

College graduate 677 48.08%

Some graduate school 59 4.19%

Master’s graduate 396 28.13%

Doctorate graduate
(MD, JD, PhD, etc.)

23 2.19%

continued

TABLE II (continued)

Characteristic N Percentage

Health insurance

State/federal insurance 295 20.95%

Employer/spouse’s employer 487 34.59%

Medicare 598 42.47%

Medicaid 250 17.76%

Veterans Affairs 68 4.83%

Other 53 3.76%

None 93 6.61%

Annual household income

<$25,000 138 9.80%

$25,000-$49,999 466 33.10%

$50,000-$99,999 605 42.97%

$100,000-$149,999 127 9.02%

$150,000-$199,999 52 3.69%

‡$200,000 19 1.35%

Assets

<$25,000 242 17.19%

$25,000-$49,999 356 25.28%

$50,000-$99,999 428 30.40%

$100,000-$249,999 200 14.20%

$250,000-$499,999 98 6.96%

$500,000-$999,999 58 4.12%

‡$1,000,000 25 1.78%

Worked in health care

Yes 662 47.02%

No 745 52.91%

Personal history of surgery

Yes 1,022 72.59%

No 385 27.34%

Previous upper-extremity surgery

Yes 687 67.22%

No 335 32.78%
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of 14 minutes). These respondents completed the survey in less
time than it would take to read the words of the survey. Fol-
lowing these exclusions, a total of 1,408 respondents were
included in the study. The demographic characteristics of the
cohort are shown in Table II.

CTR was the most price-sensitive procedure, with a 17%
rejection rate at the highest price point, which was significantly
greater than the rates for CuTR (12%) and ORIF DRF (11%) (p
< 0.05; Fig. 3). The slope for the CTR curve was 20.0253,
indicating that for every $100 increase in price, the number of
respondents unwilling to pay increased by 2.5 percentage points.
The R2 value was 98%, indicating that the linear approximation
accounted formost of the variance in the probability of choosing
CTR across prices. For CuTR, the slope was20.0149, with an R2

value of 82%. For ORIF DRF, the slope was20.008, with an R2

of 40%. CTR had a significantly larger slope compared with the
other procedures (p < 0.05), whereas CuTR and ORIF DRF did
not differ significantly from one another.

Respondents were shown to differ in terms of price sensi-
tivity. Those who were least price-sensitive were more likely to be
unmarried and to have careers in health care, government health
insurance, greater income and assets, and more education.

Respondent reactions to cost-cutting options were not
independent of each other (Table III). Principal component
analysis revealed factors identifying 2 groups of 5 cost-cutting

measures with responses that were positively correlated with
each other. The first factor focused on the need for “advanced
technology,” and the second centered on “comprehensive sys-
tems” to deliver care. Table IV gives the 5 options, in order of
importance, that define the 2 factors.

Respondents with high advanced-technology factor
scores favored new implants, advanced imaging, and nerve
tests, whereas respondents with high comprehensive-systems
factor scores desired surgery at major academic centers in
hospital operating rooms, availability of brand name drugs,
and visits with the hand therapist and surgeon. The respon-
dents with high advanced-technology factor scores were sig-
nificantly more likely to be unmarried, white, female, and
low-income, and to have less education, health-care work
experience, and Medicare insurance (p < 0.05), whereas re-
spondents with high comprehensive-systems factor scores
were significantly more likely to be married, under 35 years
old, and male, and to have post-college education and
Medicare (p < 0.05; Tables V and VI).

Discussion

The present study mostly rejects the hypothesis that patients
would be substantially sensitive to the out-of-pocket costs

of representative hand surgeries. Instead, the overwhelming
majority of patients are willing to pay a substantial amount of

Fig. 3

Graph showing the percentage of respondents rejecting each surgery for each price option, with the respective linear regressions. CTR = carpal tunnel

release, CuTR= cubital tunnel release, and ORIF DRF= open reduction and internal fixation of a distal radial fracture. Each straight line represents the best

linear fit for the procedure, and the values in the corresponding box represent the equation for the line and the quality of its fit.
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money out of pocket after being educated regarding the con-
dition, treatment, and outcomes.

At the lowest patient cost of $250, all 3 procedures were
rejected by 6% of respondents. At the highest cost of $3,000, CTR
was rejected by 17%, making CTR the most price-sensitive proce-
dure. This may be because carpal tunnel syndrome is more well-
known to the layperson andmay, rightfully or wrongfully depending
on severity, be considered a less serious condition than cubital tunnel

syndrome or DRF by someone with a casual knowledge of the
condition. These findings are supported by the cancer literature, as
people are less likely to consider costs when undergoing treatment
for conditions that are unknown or unfamiliar to them, as such
diagnoses seem threatening27. Those who were more price-sensitive
were also more likely to have a lower level of education and lower
income and assets. This finding follows common sense, as people
with less resources will be forced to ration.

TABLE III Percent of Respondents Uncomfortable with Each Cost-Cutting Care Option

Cost-Cutting Option
Percent

Uncomfortable

The use of older-generation versus the newest implants and devices 50%

Administration of anesthesia by a nurse anesthetist (CRNA) instead of a physician anesthesiologist (MD/DO) 42%

Having the surgery performed at a community hospital instead of at a major academic center 37%

Forgoing advanced imaging such as computed tomography or magnetic resonance imaging in favor of cheaper imaging
such as radiographs

37%

The use of generic medications instead of name-brand drugs (e.g., anesthesia, postoperative pain medications, anti-
biotics, etc.)

35%

Having the surgery performed in a procedure room or free-standing surgery center instead of a hospital operating room 34%

Relying on the physical examination for diagnosis instead of confirmation of the diagnosis with further testing, such as a
nerve study

32%

One visit with a hand therapist with instructions for a home-exercise program instead of weekly visits with a hand
therapist during recovery

28%

Having video or telephone-based postoperative visit(s) instead of in-person postoperative visit(s) in the absence of a
complication

27%

Postoperative visits with the physician assistant (PA) or nurse practitioner (NP) instead of the surgery (MD) in the absence
of a complication

26%

TABLE IV Factor Weight of Cost-Cutting Options That the Groups Were Not Willing to Forgo

Cost-Cutting Option Factor Weight

Advanced-technology group

Relying on the physical examination for diagnosis instead of confirmation of the diagnosis with further testing, such as a
nerve study

0.67

Forgoing advanced imaging such as computed tomography or magnetic resonance imaging in favor of cheaper imaging
such as radiographs

0.67

The use of older-generation versus the newest implants and devices 0.63

Having video or telephone-based postoperative visit(s) instead of in-person postoperative visit(s) in the absence of a
complication

0.41

Administration of anesthesia by a nurse anesthetist (CRNA) instead of by a physician anesthesiologist (MD/DO) 0.32

Comprehensive-systems group

Having the surgery performed at a community hospital instead of at a major academic center 0.63

The use of generic medications instead of name-brand drugs (e.g., anesthesia, postoperative pain medications, antibi-
otics, etc.)

0.57

Having the surgery performed in a procedure room or free-standing surgery center instead of a hospital operating room 0.44

One visit with a hand therapist with instructions for a home-exercise program instead of weekly visits with a hand therapist
during recovery

0.42

Postoperative visits with the physician assistant (PA) or nurse practitioner (NP) instead of the surgeon (MD) in the absence
of a complication

0.36
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Overall, the cost-cutting option that patients were most
uncomfortable with was the use of older-generation implants,
whereas the option that patients were most comfortable with
was postoperative visits with a midlevel provider. This finding
is interesting in light of the results of the 2018 study by Kazmers
et al., who reported that implant choice most directly increased
total cost for ORIF DRF11. This finding may reflect that patients
do not understand the intricacies of medical implants or de-
vices and assume that the newest implant or device is superior.
In contrast, many patients are comfortable receiving postop-
erative care from a physician assistant or nurse practitioner.

The factor analysis of concerns regarding the 10 cost-
cutting options revealed different reactions depending on
whether the options related to advanced technologies compared
with access to comprehensive surgical infrastructure. The
respondents with high advanced-technology factor scores were
significantly more likely to be unmarried, white, female, and
low-income, and to have less education, health-care work
experience, and Medicare insurance (p < 0.05), whereas
respondents with high comprehensive-systems factor scores
were significantly more likely to be married, under 35 years old,
and male, and to have post-college education andMedicare (p <
0.05). Both groups expressed desire for options that were
important to them despite increased cost10-12. The substantial
difference in the characteristics associated with the 2 factor
scores was not hypothesized, and without replication it should
not be seen as a response to general health concerns. However,
these results suggest that those with less medical knowledge were
attracted to surgical practices featuring the latest technologies,
whereas those with more education and greater medical needs
weremore likely to desire the comfort of comprehensive, flexible
systems of surgical care.

A proposed solution to the exponential rise of health-care
costs is to implement alternative payment models, or bundled
care, as was initiated for hip and knee arthroplasty after the

Affordable Care Act was introduced28. Although the early data
frombundled-caremodels mostly demonstrated reduced costs29,
later studies revealed that the use of a bundled-care model for all
patients may not be prudent. In a 2018 study from a large aca-
demic institution, Baumgartner et al. showed that patients with
more complex medical histories, those requiring inpatient
consultations, and those with perioperative complications ex-
ceeded the Centers for Medicare & Medicaid Services price
target30.

Although hand surgery and joint replacement surgery
cannot be compared directly in terms of patient population,
procedure, cost, and perioperative complications, the bundling
of some hand surgical procedures may occur in the future.
However, the results of the present study place the bundled-care
model and the value-based care model at odds. Not only are the
majority of respondents willing to pay a considerable amount of
money out of pocket for these procedures, they also are hesitant
to sacrifice newer implants, imaging, and diagnostics, which
will directly lead to increased cost10-12. Yet the results of the
factor analysis could be helpful in setting up a bundled-
payment system that allows patient selection of plans with the
intent of reducing costs. With such a system, patients may
choose between several plans, some of which offer access to
more technology (e.g., implants, tests, etc.) and others of which
offer care at centers with more overall resources (e.g., academic
and/or tertiary institutions).

The present study had limitations. A survey study only
presents hypothetical choices, and although most respondents
reported a willingness to pay considerable amounts of money, in
reality, this may be the result of response bias. An additional
limitation is that the respondents were recruited with use of
Amazon MTurk, with the heading: “How Much Should Hand
Surgery Cost? The Patient Perspective,” potentially introducing
selection bias into the study. This title was utilized to attract
respondents interested in health care who would care about the

TABLE V Characteristics of Those with Low Versus High Concern for Options in the Advanced-Technology Group*

Quartiles Married White Female
Income

<$50,000

Post-
College

Education
Medicare
Recipient

Health-Care
Work

Experience

£25th: low concern 84% 53% 30% 55% 41% 56% 62%

‡75th: high concern 58% 77% 41% 62% 24% 17% 24%

*Sample size within quartiles was 350 respondents. Standard errors of all proportions <3%. All differences were significant (p < 0.05).

TABLE VI Characteristics of Those with Low Versus High Concern for Options in the Comprehensive-Systems Group*

Quartiles Married <35 Years Old % Male Post-College Education Medicare Recipient

£25th: low concern 73% 53% 60% 33% 38%

‡75th: high concern 82% 60% 70% 40% 54%

*Sample size within quartiles was 350 respondents. Standard errors of all proportions <3%. All differences were significant (p < 0.05).
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topic and, perhaps, weremore likely to take the survey in full and
to provide honest answers. A consequence of this recruitment
method was that the results of the study may be less general-
izable to the general population. Additionally, the MTurk
population is younger and more educated and tends to have a
lower average income than the general population23,24.

Another limitation was that the survey did not provide
a literature review for the respondents that fully detailed the
complexities of hand surgical care. For example, the litera-
ture suggests that cost reductions can come from the use of a
procedure room and from forgoing electrodiagnostics10,12.
Arguably, omitting this information is necessary to get more
realistic results from the survey, as these topics are not com-
monly discussed during an office visit and patients are unlikely
to have this knowledge on their own. A separate study could
assess patient preferences following the presentation of these
data.

The results of this study, in combination with the results
of prior studies regarding costs of treatment27, could be utilized
as a framework for future research that could be applied more
broadly to orthopaedics. These studies could investigate the
patient perspective on the cost of more expensive procedures,
like spine surgery or oncologic reconstruction, and evaluate the

willingness of the patient to pay even higher out-of-pocket
costs for these episodes of care.

Appendix
Supporting material provided by the authors is posted
with the online version of this article as a data supplement

at jbjs.org (http://links.lww.com/JBJS/G682). n
NOTE: The authors thank Shelby Reed, PhD, Professor in Population Health Sciences and Medicine
(Duke University Medical Center), for her contributions to the study design.
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