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Purpose	
The high cost of orthopaedic care has attracted criticism in the current value-based health care
environment. The objective of this work was to assess the properties of a willingness to pay (WTP)based approach to estimate the monetary value that patients place on health improvements in chronic
knee conditions following orthopaedic treatment.
Methods	A sample of patients with a chronic knee condition were surveyed between January and May of 2018 at
a large orthopaedic practice. Each patient provided their WTP for restoration to ideal knee health and
completed the Single Assessment Numerical Evaluation (SANE) to describe their baseline knee state.
Average WTP was calculated for the total sample and stratified by income, age, and baseline SANE
(for which 0 is the worst and 100 is the best) levels. The patient-perceived monetary value of each unit
of SANE improvement was assessed.
Results 	The study sample included 86 patients seeking orthopaedic care for a chronic knee condition. Mean
baseline SANE score was 45.5 (standard deviation: 25.0). Mean WTP to obtain ideal knee function
from baseline was $18,704 (standard deviation: $18,040). For the full sample, patients valued a 1-unit
improvement in SANE score at $291.1 (β: 291.1; P<0.05). The amount of money patients were willing
to pay to achieve ideal knee function varied with age, income, and baseline knee state.
Conclusions	Patients appear to highly value improvement in chronic knee conditions. Willingness-to-pay survey
results appear to track expected variation in patient outcome valuation by income and baseline knee
condition and could be a valuable approach to assess value-based care in orthopaedics. (J Patient
Cent Res Rev. 2021;8:98-106.)
Keywords	
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T

he primary goal of orthopaedic medicine is to
restore mobility and function and reduce pain
from musculoskeletal conditions so that patients
can work, play, and participate in the activities they
enjoy. Although many orthopaedic treatments are widely
considered successful and allow patients to resume active,
healthy lifestyles,1-3 orthopaedic care is expensive and has
attracted criticism in the current value-based health care
environment.4-6 As the cost of orthopaedic care continues
to rise, achieving value-based care in orthopaedics is
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a priority for all stakeholders.5-8 The full valuation of
orthopaedic care requires estimates of both the costs
of treatment and the monetary value patients place on
the outcome improvement gained from treatment.9 The
criticisms surrounding the high cost of orthopaedic
care have been difficult to rebuff because it is easier to
estimate the costs associated with orthopaedic care than
determine the monetary value patients place on outcome
improvement gained from treatment.9,10
Patient-reported outcome measures (PROMs) are
commonly used tools in orthopaedic medicine to measure
health outcome changes.11,12 However, PROM scores do
not directly yield measures of monetary value because
it is unknown how much patients value PROM score
improvement. Contingent valuation is a standard surveybased approach used in environmental assessment that
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has more recently been used to measure willingness to
pay (WTP) for health improvements.13-15
The WTP literature in health care has grown over the
past few decades, with applications in many different
disease areas and treatment modalities.16-19 WTP studies
in orthopaedics have focused on estimating how much
patients are willing to pay for specific diagnostic tests or
treatments, such as total joint replacement.20-24 However,
none of the existing WTP studies in orthopaedic medicine
aim to estimate the patient-perceived monetary value
associated with PROM improvement following treatment.
In this study we developed a novel contingent valuation
survey approach to elicit the monetary value patients
place on knee improvement. We assessed the validity
of our approach by testing whether WTP responses
vary with income, age, and baseline knee state, as we
hypothesized they should.25 The monetary value patients
report they would be willing to pay to achieve ideal
knee health was elicited, and the monetary value per
unit improvement in the Single Assessment Numeric
Evaluation (SANE), a widely accepted PROM, was
evaluated. Estimating the patient-perceived economic
value of PROM improvement allows for future costbenefit assessments of orthopaedic procedures and may
enhance our understanding of whether we are delivering
value-based care in orthopaedics.

METHODS

Survey Development and Pilot Testing

A pilot version of the WTP survey was evaluated in
two steps prior to study enrollment. First, the survey
instrument was piloted with 15 orthopaedic patients with
knee disability who were not included in the final study
sample. Patients were guided through the survey in a
face-to-face format by a member of the research team,
then a qualitative interview was conducted following
the survey. During the qualitative interview, the research
team probed patients about the difficulty conceptualizing
ideal knee health and answering the WTP question, in
addition to overall survey length and clarity. Patients
were compensated with a $30 gift card for completing the
survey and qualitative interview.
The survey also was presented to the Patient Engagement
Studio affiliated with the health system where this work
was performed.26 Patient investigators at the studio were
asked to refine the wording used in the WTP question
and provide revisions to the near-final survey. Responses
from the qualitative interviews and Patient Engagement
Studio meeting were summarized and used to develop the
final version of the WTP survey tool.
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Sampling and Recruitment

This study was approved by the institutional review board at
the regional health system (Prisma Health-Upstate) where
this work was performed. Eligible patients were identified
from the clinical population of an orthopaedic practice
within a large regional health system between January
and May of 2018. The clinical schedules of 2 orthopaedic
surgeons were screened for eligible patients. Patients were
considered to be eligible if they were 1) over the age of 18,
2) were being seen by the doctor for a chief knee complaint
of pain or functional limitation, 3) had not received knee
surgery in the past year, and 4) reported a knee condition
that was present for more than 9 months. Consultation
with clinical collaborators indicated that a condition that
had not resolved after 9 months should be deemed chronic.
Patients experiencing chronic knee conditions were felt
to be best suited to reflect on the longstanding pain and
functional limitations of their condition and ultimately
evaluate the monetary value of knee improvement.
After checking in for their appointment with clinic staff,
eligible patients were approached as they waited for their
orthopaedic visit and were invited to participate in the
study. Participation in the survey included answering
a face-to-face survey administered via an iPad using
the online open-source platform Lime Survey (www.
limesurvey.org/). Patients were presented with the
aim and scope of the study and reassured about the
confidentiality and anonymity of their answers. They were
told that the survey would last 5 to 10 minutes. Patients
were compensated with a $10 gift card for completing
the survey. Patients provided their consent to participate
in this study by completing an online informed consent
document.
The research team identified 385 individuals as potentially
eligible for the study. Of those, 110 were approached to
participate and 100 of those agreed to participate. A total
of 87 patients reported experiencing a chronic condition
and were included in the study; 13 patients reported
acute conditions and were excluded from the study.
WTP responses that appeared implausible in relation to
household income were evaluated. One observation was
deemed an implausible outlier — the patient provided a
WTP value that was more than 7 times higher than the
patient’s household income — and was excluded from
the analysis. Thus, the final study sample included 86
patients with chronic knee conditions.
Evaluation of Willingness to Pay

Standard bidding game and payment card formats were
adapted to assess how much patients valued hypothetical
improvements in knee health.15 The WTP question
introduction assured patients that their individual answers
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would not be used to set prices for orthopaedic services and
would not be shared with their physician or health system.
The WTP question asked patients to consider the existence
of a hypothetical treatment that would restore their knee
to ideal health and allow them to do all the activities they
wanted to do without thinking about it. However, insurance
would not cover the cost of the treatment so if the patient
wanted it, they had to pay for it on their own.
The WTP response options were structured like a car
payment, in that patients were presented with a bid and
asked if they would pay that amount of money on a
monthly basis for 5 years. This helped accommodate the
fact that payments for knee health are large sums of money
that many patients would find difficult to pay in one lump
sum. Patients were presented with a starting monthly bid
of $100 and asked to answer “yes” or “no” to that bid
amount. From there, the bid amount was raised or lowered
according to the patients’ answer until the maximum
monthly bid was reached. If a patient responded “no” to a
given bid amount, subsequent bids were reduced by $25.
The monthly payment response options ranged from $0
to $1950 per month and increased by $100 increments
after a subsequent answer of “yes.” An open response
was used if a patient indicated they would pay more than
$1950/month. For each payment amount, the monthly
payment and total investment amount across 5 years were
presented to the patient.
PROM Questionnaire

To evaluate baseline knee state, patients were given the
SANE, a standard PROM used across many joints in
orthopaedics.27-31 Unlike other PROMs that are comprised
of multiple domain subscales, the SANE consists of a
single-item scale.32 The SANE asks patients a single
question: “How would you rate your knee today as a
percentage of normal (0% to 100% scale, with 100%
being normal)?” Patients can respond with a number
between 0 and 100. Using the SANE result, the PROM
change needed to move from each patient’s baseline SANE
score to ideal knee health (ie, 100 – SANE score provided)
was calculated. The psychometric properties of the
SANE have been demonstrated for patients with shoulder
conditions,33 and the SANE score has been shown to have
moderate to strong positive correlations with the modified
Cincinnati Knee Rating System and International Knee
Documentation Committee subjective knee surveys.27
The survey obtained self-reported patient demographics,
including age and household income.
Data Analysis

Patient demographics were summarized for the study
sample. Each patient’s total WTP was computed by
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multiplying their maximum monthly bid by 60 (12
months × 5 years). Mean SANE and WTP scores were
reported for all survey respondents and by predisposing
factor, income, and perceived need as baseline SANE
scores. Income levels included household income less
than $25,000, $25,000–$49,999, $50,000–$74,999,
$75,000–$99,999, and greater than $100,000. Age groups
were classified as less than 55, 55 to 64, and 65 or greater
years. Baseline SANE scores were categorized into
quartiles (0–29, 30–49, 50–64, and 65 or higher).
The dependent variable was specified as the total WTP
value, and the independent variable of interest was the
PROM change needed to move from each patient’s
baseline SANE score to ideal knee health (ie, a SANE
score of 100). For example, if a patient’s baseline index
SANE score was 55, a 45-unit SANE improvement (100
– 55) would be needed to obtain ideal knee health. The
interpretation of coefficients was the patient-perceived
monetary value of a 1-unit improvement in the SANE.
Simple linear regression analysis was used to assess the
relationship between SANE change and WTP values.
Interaction effects were used to assess coefficients
by income, age, and SANE groups. We excluded the
intercept from models because someone with zero SANE
potential improvement (baseline SANE of 100) would
not be willing to pay anything ($0).
All analyses were conducted using Stata® 15 (StataCorp
LLC) and SAS® 9.4 (SAS Institute Inc.) statistical software.

RESULTS

Patient Characteristics

All 86 patients participating in the study completed the
SANE and WTP questions; although, some patients
declined to provide answers to demographic survey
questions (85 responses with complete age information;
67 with complete income information). Most of the
patient sample was female (59.3%), married (69.8%),
and 65 years of age or older (60.5%). Of the patient
sample, 46.5% had a bachelor’s degree or higher. The
sample was mostly composed of patients who were
not working, either due to unemployment (4.6%) or
retirement (61.6%). The patient sample was financially
diverse, with household incomes ranging from less than
$25,000 to greater than $100,000; 52% reported having
a household income of greater than $50,000. Complete
sample characteristics are provided in Table 1.
Willingness to Pay for Knee Health

All survey respondents indicated that they would pay
some amount of money to achieve ideal knee health.
The range of monthly WTP bids was $25 to $2000, with
the mean monthly WTP value being $311.7 (standard
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Table 1. Population Characteristics and Baseline SANE Scores
Characteristic

n (%)

Maximum WTP, Mean (SD)

86 (100%)

$18,704 (18,040)

Sex
Male
Female

35 (40.7)
51 (59.3)

$17,628 (14,717)
$19,442 (20,116)

Age
<55 years
55–64 years
≥65 years
Declined to answer

7 (8.1)
26 (30.2)
52 (60.5)
1 (1.2)

$12,535 (8,269)
$21,219 (23,467)
$17,468 (14,825)
$60,750

Education
Less than high school diploma
High school diploma
Some college
Associates degree
Bachelor's degree
Master's or doctorate degree

5 (5.8)
12 (13.9)
18 (20.9)
11 (12.8)
22 (25.6)
18 (20.9)

$13,200 (14,779)
$12,192 (9,104)
$12,916 (7,637)
$11,113 (6,937)
$24,477 (25,726)
$27,945 (19,312)

Marital status
Single
Married
Widowed
Divorced

4 (4.6)
60 (69.8)
9 (10.5)
13 (15.1)

$37,500 (55,449)
$18,859 (14,712)
$14,416 (9,160)
$15,173 (16,474)

Annual income
<$25,000
$25,000 to $49,999
$50,000 to $74,999
$75,000 to $99,999
≥$100,000
Declined to answer

6 (7.0)
16 (18.6)
15 (17.4)
11 (12.8)
19 (22.1)
19 (22.1)

$8,375 (6,664)
$14,253 (11,561)
$13,930 (7,596)
$22,090 (16,552)
$31,740 (28,133)
$14,487 (12,137)

Employment status
Unemployed
Employed, part-time
Employed, full-time
Retired
Declined to answer

4 (4.6)
7 (8.1)
21 (24.4)
53 (61.6)
1 (1.2)

$13,875 (3,750)
$19,821 (13,521)
$19,057 (24,606)
$19,049 (16,470)
$4,500

45.5 ± 25.0
9.0 ± 8.7
36.3 ± 5.2
52.3 ± 4.3
76.8 ± 7.2

$18,283 (13,456)
$21,118 (21,684)
$19,200 (22,905)
$16,398 (11,100)

Study sample

Baseline SANE score, mean ± SD
0–29 (n=19)
30–49 (n=19)
50–64 (n=26)
65–100 (n=22)

P
0.91

0.29

0.02

0.55

0.02

0.71

0.97

SANE, Single Assessment Numeric Evaluation; SD, standard deviation; WTP, willingness to pay.
Shapiro-Wilk was used to test for normality of maximum WTP. Kruskal-Wallis was used to test for differences in mean WTP,
with statistical significance defined as P<0.05.

deviation: 300.7). The range of total WTP responses was
$1500 to $120,000, with the mean total WTP value of
$18,704 (standard deviation: 18,040). Nearly 40% of
the sample reported that they would be willing to pay in
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the range of $10,000–$24,999, while 38% of the sample
reported they would be willing to pay less than $10,000.
The distribution and frequencies of maximum WTP
values are presented in Figure 1.
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Willingness to Pay Stratified by Income Levels

Among the 67 patients who reported household income,
WTP amounts varied across income levels. As expected,
there was an increasing trend in the amount of money
patients would be willing to pay as household income
levels rose from less than $25,000 to greater than
$100,000. Patients reporting household income greater
than $100,000 were willing to pay the most for ideal knee
health, at a mean total WTP of $31,740. The value of a
1-unit SANE improvement increased with household
income. Lower income patients were only willing to pay
an average of $114.7 per unit of SANE improvement,
whereas patients with income greater than $100,000 were
willing to pay $577.4 per unit of SANE improvement
(β: 577.4; P<0.05). Total WTP for perfect knee health
and WTP per unit of SANE improvement stratified by
income are displayed in Figure 2.
Willingness to Pay Stratified by Age Group

Among the 85 patients who reported complete age
information, WTP for perfect knee health varied across
age groups. Patients less than 55 years old and 65 years
old or older were willing to pay less for ideal knee health
compared to patients between 55 and 64 years of age.
Patients in the middle age group (55–64 years) were
willing to pay $21,219, on average, to achieve ideal knee
health and $358.8 per unit of SANE improvement (β:
358.8; P<0.05). Figure 3 shows WTP for perfect knee
health stratified by age group.
Willingness to Pay Stratified by Baseline SANE
Level

Across the entire sample of 86 patients, those with lower
baseline SANE scores (higher perceived need) were
willing to pay more than those with higher baseline SANE
scores (lower perceived need). On average, patients with
a baseline SANE score between 0 and 29 were willing to
pay $18,283 to have their knee restored to ideal health.
Patients with a baseline SANE score between 65 and 90
were willing to pay $16,398 to have their knee restored to
ideal health. Using regression analysis, a 1-unit increase
in SANE score was worth $291.1 (β: 291.1; P<0.05) to
patients. Maximum WTP stratified by baseline SANE is
presented in Figure 4.

DISCUSSION

This study assessed the ability of a contingent valuation
survey to understand how much patients are willing
to pay for hypothetical improvements in chronic knee
conditions. A push is happening in orthopaedics to
measure patient outcomes using PROMs,11,34 but PROMs
in and of themselves do not provide a monetary value on
the health improvements patients receive from orthopaedic
interventions. Our study is the first to apply contingent
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valuation survey methods to directly estimate the
monetary value patients place on outcome improvement.
Using contingent valuation, we were able to estimate
how much patients with chronic knee conditions would
be willing to pay for improved knee health. The validity
of this approach was supported by the fact that our
results varied with predisposing and need factors that we
anticipated would affect the value of patient-perceived
outcome improvement. We found a positive relationship
between household income and what patients are willing
to pay for improvement in their knee condition.
On average, patients reported that they would be willing
to pay $18,704 to improve 54.5 SANE points to achieve
restoration to ideal knee health, which suggests that
outcomes achieved via orthopaedic intervention are
highly valuable to patients. Across the sample, a 1-unit
improvement in SANE scores was associated with a
$291 monetary value. Patients with baseline SANE
scores between 30 and 49 were willing to pay the highest
monetary value for a hypothetical treatment that would
restore their knee to perfect health. This relationship
was not clear for patients starting with the lowest SANE
scores, which we suspect shows the need for contingent
valuation methods to be applied in larger samples than
we used herein.
Previous valuation studies in orthopaedics have not
measured value gains against a PROM scale and instead
estimated patients’ WTP for distinct diagnostic tests or
treatments.4,16,18-23,35-39 For example, Bozic et al found that
patients were willing to pay $69,419, on average, for hip
arthroplasty.20 Similarly, Hall et al found that patients
were willing to pay $4867, on average, for an anterior
cruciate ligament reconstruction.23 Although previous
economic evaluations in orthopaedics demonstrate the
value patients place on distinct treatments and diagnostic
tools, our objective was to find a more general approach by
assessing the value of health improvements as measured
with a commonly used and accepted PROM. We believe
this is the first to attempt to estimate these relationships
directly. This general approach can be applied to PROM
changes associated with individual treatments. The SANE
score is a holistic PROM that does not rely on specific
symptom dimensions and therefore may reflect the
primary symptom dimensions that are most important to
each patient. Furthermore, the SANE is widely applicable
across diverse musculoskeletal conditions.27,29,40,41
With a hyperfocus on delivering value-based care, our
results can inform stakeholders of the patient-perceived
value of PROM changes associated with orthopaedic
interventions. Our work provides preliminary estimates
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Figure 1. Distribution of
maximum willingness to
pay amounts.

Figure 2. Willingness
to pay stratified by
income levels. Asterisks
(*) indicate statistically
significant beta of P<0.05.

of the monetary value of a 1-unit change in one of these
PROMs — SANE score. For example, if a given knee
treatment has been found to increase SANE scores
by an average of 20 points, our estimates suggest the
average patient will value this improvement at $5822
(20 × 291.1). Therefore, these results can be applied to
economic evaluations, such as cost-benefit analyses in
orthopaedics, to inform the value-based narrative in this
medical specialty.
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Limitations

While we showed the potential of using contingent
valuation methods to link PROM score changes to
patient monetary valuation, the study had limitations
that should make researchers cautious to directly apply
its results. Foremost, our final analysis included a
relatively small sample of individuals (n=86) and is only
reflective of patients from one regional health system
in the southeastern United States with one general joint
complaint. As such, results were at the mercy of wide
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variation and outliers. We could not fully assess any
variation in WTP across patient groups, and our point
estimates in this study for any single patient characteristic
should not be relied on for forecasting. The range of total
WTP responses was $1500 to $120,000, with the mean
total WTP value of $18,704. WTP estimates generally
varied across individual patient characteristics as we
anticipated, however, we believe this approach can only
provide valid estimates of value individual patients place
on health improvements using a larger sample size.
Furthermore, there are several known limitations to the
use of WTP assessments with hypothetical outcomes.

However, the concept of monthly out-of-pocket costs
for treatment was deployed to ease the burden of the
WTP question, and the pilot testing process was used
to improve survey language and clarity. As noted in
the Methods section, patients on an engagement panel
reviewed the WTP language and provided patient
perspectives on how best to word the final survey
question. While results suggest that WTP may be a
feasible approach to inform the discussion surrounding
value-based care in orthopaedic medicine, future WTP
analysis based on larger samples of orthopaedic patients
and with more robust model approaches to adjust for
potential interactions is warranted.

Figure 3. Willingness
to pay stratified by age
groups. Asterisks (*)
indicate statistically
significant beta of P<0.05.

Figure 4. Willingness to
pay stratified by baseline
Single Assessment
Numeric Evaluation
(SANE) level.
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CONCLUSIONS

Measuring the value associated with improvements from
patient-reported outcome measures is an important step
toward providing important insights about the benefits of
knee health to patients and the holistic value of orthopaedic
medicine. While this study was small and exploratory,
it demonstrates that contingent valuation survey
methods assessing the benefits associated with outcome
improvement can provide important information to support
value-based decision-making in orthopaedic care.
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Patient-Friendly Recap
•O
 rthopaedic procedures are often costly but can
greatly improve quality of life for people with painful
musculoskeletal conditions.
• Authors surveyed 86 patients with chronic knee
pain or dysfunction to determine how much they
would value, in monetary terms, a hypothetical
treatment that restored their knee health.
•P
 atients were willing to pay an average of $18,704
to improve the average baseline knee state to ideal
function, with each 1-unit improvement in knee
score valued at $291.
•D
 egree of willingness to pay for knee health varied
with age, income, and baseline status.
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