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Abstract
Background TKA and THA are major surgical proce-
dures, and they are associated with the potential for serious,
even life-threatening complications. Patients must weigh
the risks of these complications against the benefits of
surgery. However, little is known about the relative im-
portance patients place on the potential complications of
surgery compared with any potential benefit the procedures
may achieve. Furthermore, patient preferences may often
be discordant with surgeon preferences regarding the
treatment decision-making process. A discrete-choice ex-
periment (DCE) is a quantitative survey technique

designed to elicit patient preferences by presenting patients
with two or more hypothetical scenarios. Each scenario is
composed of several attributes or factors, and the relative
extent to which respondents prioritize these attributes
can be quantified to assess preferences when making a
decision, such as whether to pursue lower extremity
arthroplasty.
Questions/purposes In this DCE, we asked: (1) Which
patient-related factors (such as pain and functional level)
and surgery-related factors (such as the risk of infection,
revision, or death) are influential in patients’ decisions
about whether to undergo lower extremity arthroplasty? (2)
Which of these factors do patients emphasize the most
when making this decision?
Methods A DCE was designed with the following attrib-
utes: pain; physical function; return to work; and infection
risks, reoperation, implant failure leading to premature
revision, deep vein thrombosis, and mortality. From
October 2021 to March 2022, we recruited all new patients
to two arthroplasty surgeons’ clinics who were older than
18 years and scheduled for a consultation for knee- or hip-
related complaints who had no previous history of a pri-
mary TKA or THA. A total of 56% (292 of 517) of new
patients met the inclusion criteria and were approached
with the opportunity to complete the DCE. Among the
cohort, 51% (150 of 292) of patients completed the DCE.
Patients were administered the DCE, which consisted of 10
hypothetical scenarios that had the patient decide
between a surgical and nonsurgical outcome, each con-
sisting of varying levels of eight attributes (such as in-
fection, reoperation, and ability to return to work). A
subsequent demographic questionnaire followed this as-
sessment. To answer our first research question about the
patient-related and surgery-related factors that most
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influence patients’ decisions to undergo lower extremity
arthroplasty, we used a conditional logit regression to
control for potentially confounding attributes from within
the DCE and determine which variables shifted a patient’s
determination to pursue surgery. To answer our second
question, about which of these factors received the greatest
priority by patients, we compared the relevant importance
of each factor, as determined by each factor’s beta co-
efficient, against each other influential factor. A larger
absolute value of beta coefficient reflects a relatively higher
degree of importance placed on a variable compared with
other variables within our study. Of the respondents, 57%
(85 of 150) were women, and the mean age at the time of
participation was 64 6 10 years. Most respondents (95%
[143 of 150]) were White. Regarding surgery, 38% (57 of
150) were considering THA, 59% (88 of 150) were con-
sidering TKA, and 3% (5 of 150) were considering both.
Among the cohort, 49% (74 of 150) of patients reported
their average pain level as severe, or 7 to 10 on a scale from
0 to 10, and 47% (71 of 150) reported having 50% of full
physical function.
Results Variables that were influential to respondents
when deciding on lower extremity total joint arthroplasty
were improvement from severe pain to minimal pain
(b coefficient: -0.59 [95% CI -0.72 to -0.46]; p < 0.01),
improvement in physical function level from 50% to 100%
(b: -0.80 [95%CI -0.9 to -0.7]; p < 0.01), ability to return to
work versus inability to return (b: -0.38 [95% CI -0.48 to
-0.28]; p < 0.01), and the surgery-related factor of risk of
infection (b: -0.22 [95% CI -0.30 to -0.14]; p < 0.01).
Improvement in physical function from 50% to 100% was
the most important for patients making this decision be-
cause it had the largest absolute coefficient value of -0.80.
To improve physical function from 50% to 100% and re-
duce pain from severe to minimal because of total joint
arthroplasty, patients were willing to accept a hypothetical
absolute (and not merely an incrementally increased) 37%
and 27% risk of infection, respectively. When we stratified
our analysis by respondents’ preoperative pain levels, we
identified that only patients with severe pain at the time of
their appointment found the risk of infection influential in
their decision-making process (b: -0.27 [95% CI -0.37 to
-0.17]; p = 0.01) and were willing to accept a 24% risk of
infection to improve their physical functioning from 50%
to 100%.
Conclusion Our study revealed that patients consider pain
alleviation, physical function improvement, and infection
risk to be the most important attributes when considering
total joint arthroplasty. Patients with severe baseline pain
demonstrated a willingness to take on a hypothetically high
infection risk as a tradeoff for improved physical function
or pain relief. Because patients seemed to prioritize post-
operative physical function so highly in our study, it
is especially important that surgeons customize their

presentations about the likelihood an individual patient will
achieve a substantial functional improvement as part of any
office visit where arthroplasty is discussed. Future studies
should focus on quantitatively assessing patients’ un-
derstanding of surgical risks after a surgical consultation,
especially in patients who may be the most risk tolerant.
Clinical Relevance Surgeons should be aware that pa-
tients with the most limited physical function and the
highest baseline pain levels are more willing to accept the
more potentially life-threatening and devastating risks that
accompany total joint arthroplasty, specifically infection.
The degree to which patients seemed to undervalue the
harms of infection (based on our knowledge and perception
of those harms) suggests that surgeons need to take par-
ticular care in explaining the degree to which a prosthetic
joint infection can harm or kill patients who develop one.

Introduction

TKA and THA are major surgical procedures, and they are
associated with the potential for serious, even devastating
complications. Patients must weigh the risks of these
complications against the potential benefits before de-
ciding to undergo these procedures. Qualitative studies
have identified length of stay, complication risk, and pain
improvement, among other factors, as involved in the pa-
tient’s decision-making process to undergo total joint
arthroplasty (TJA); however, this type of analysis is limited
in its scope and depth [8, 36]. Accordingly, the orthopaedic
surgeon is tasked with the responsibility of explaining
these risks in their entirety. For example, although the in-
cidence of periprosthetic joint infection (PJI) is low, pa-
tients who do develop PJI postoperatively should be aware
of the significant psychological and physical consequences
that lead to a lower quality of life, which may persist for
years even after successful surgical treatment of the in-
fection [23, 42]. Furthermore, there is a financial burden for
patients and the healthcare system, with the projected cost
of treating PJI estimated to be $1.85 billion by 2030 [28].
Although most potential complications are communicated
by the surgeon to the patient during preoperative consul-
tations, research across various surgical fields has revealed
that patient preferences are often discordant with surgeon
preferences regarding the treatment decision-making pro-
cess [11, 17, 32, 40]. Moreover, previous studies have
shown that verbal descriptions of the risks of orthopaedic
surgery, which are commonplace in clinical practice, may
be inadequate for patient comprehension when compared
with written and video modalities [15, 21]. This poses a
serious concern in the decision-making model as patients
may not understand the risks associated with TJA because
the explanation provided by the surgeon may not be
sufficient.
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A discrete-choice experiment (DCE) is a quantitative
technique widely used in healthcare to elicit patient pref-
erences [5, 6, 35]. In this technique, two or more hypo-
thetical scenarios are presented to patients and they are
asked to choose the one they prefer. A DCE is based on the
economic theory that any complex decision can be sim-
plified to its core attributes, and the relative extent to which
individuals prioritize these attributes guides their decision-
making process [31]. Regarding the decision to proceed
with lower extremity TJA, patients have the difficult task
of weighing numerous potential risks and benefits.
Unfortunately, to our knowledge, no data currently exist
that quantitively assess the relative importance to patients
of different attributes when deciding whether to undergo
TJA. Understanding patient preferences and risk tolerance
can provide valuable information to healthcare providers
responsible for counseling patients, and this may ultimately
better align goals and expectations and lead to improved
satisfaction.

Therefore, we performed a DCE in which we asked: (1)
Which patient-related factors (such as pain and functional
level) and surgery-related factors (such as the risk of
infection, revision, or death) are influential in patients’ de-
cisions about whether to undergo lower extremity arthro-
plasty? (2) Which of these factors do patients emphasize the
most when making this decision?

Patients and Methods

Study Design, Setting, and Patients

This DCE was performed at a 300-bed community, sub-
urban hospital and a 999-bed urban tertiary-care hospital in
Massachusetts, USA. From October 2021 to March 2022,
we recruited all new patients in two arthroplasty surgeons’
clinics (CMM, HSB) who were older than 18 years, who
were scheduled for a consultation for knee- or hip-related
complaints, and who had no previous history of a primary
TKA or THA. We sent a targeted research announcement
email to each possible new patient meeting the inclusion
criteria within 24 hours before their scheduled appoint-
ment; this email informed the patients about a research
opportunity that could be discussed in person before their
appointment. Patients could select to decline the targeted
research announcement, excluding them from participating
in the study. To include all potential qualifying patients, we
also approached all new patients who did not decline the
targeted research announcement in the waiting room of the
clinics. These patients had not yet discussed the risks or
benefits of TJA with their surgeon nor had they consented
to the procedure. A study staff member met interested pa-
tients immediately before their surgical consultation visit in
person to obtain verbal consent.

Patients were included if they were older than 18 years,
were scheduled for a consultation for knee- or hip-related
complaints, and spoke English. Patients were excluded if
they had a history of THA or TKA, had surgery within 1
year of scheduled TJA, or did not speak English.
Throughout the recruitment period of our study, 56% (292
of 517) of new patients met the inclusion criteria and were
approached with the opportunity to participate in this
study. Approximately 51% (150 of 292) of eligible patients
who were approached to participate in the study fully
completed the DCE. Based on an a priori power analysis,
study recruitment was halted once 150 patients had been
recruited.

In an empty examination room, survey administrators
obtained verbal consent from patients and provided pa-
tients with an informational fact sheet (Supplementary
Fig. 1; http://links.lww.com/CORR/A907) and DCE
instructions (Supplementary Fig. 2; http://links.lww.
com/CORR/A908), which were thoroughly reviewed with
patients. All questions were addressed before beginning the
surveys. After completing the DCE, patients completed a
demographic questionnaire (Supplementary Fig. 3; http://
links.lww.com/CORR/A909).

The attributes and levels of the DCE were chosen
through a combination of reviewing previous studies and
the expert opinion of three fellowship-trained orthopaedic
surgeons (CMM, MH, HSB), an approach consistent with
published DCE methods [8, 27, 39, 43]. From this com-
prehensive process, seven attributes with three levels each
and one attribute with seven levels were selected for the
final DCE (Supplementary Table 1; http://links.lww.
com/CORR/A910). Pain level; physical function level;
return to work; and the risks of infection, reoperation,
implant failure leading to premature revision, deep vein
thrombosis (DVT), and mortality were selected as the eight
attributes. The levels for pain were minimal, moderate, and
severe, with the choice set indicating that these levels
corresponded to 0 to 2, 3 to 6, and 7 to 10, respectively, on a
scale of 10. For physical function, the levels were either
50%, 75%, or 100% of complete, normal functioning for
that respondent. The return-to-work attribute had three
levels, each pertaining to a varying time increment to return
to work after the procedure: 1 week, 3 months, or no return
to work. The attributes pertaining to the risks of infection,
reoperation, implant failure leading to premature revision,
and DVT each had three levels: 1%, 10%, and 20%. The
risk of mortality attribute had seven levels: 0.3%, 1%,
1.5%, 5%, 10%, 15%, and 20%. Although many of the
risks presented in our DCE are purposely exaggerated
compared with standard risks, these numbers are used to
establish granularity, which can then allow for detection of
nuanced preferences that may not be evident when asking
patients about complications at their true rates of occur-
rence. However, our use of exaggerated risks introduces a

Volume 481, Number 3 TJA Discrete-choice Experiment 429

Copyright © 2022 by the Association of Bone and Joint Surgeons. Unauthorized reproduction of this article is prohibited.

http://links.lww.com/CORR/A907
http://links.lww.com/CORR/A908
http://links.lww.com/CORR/A908
http://links.lww.com/CORR/A909
http://links.lww.com/CORR/A909
http://links.lww.com/CORR/A910
http://links.lww.com/CORR/A910


hypothetical bias, which is a known phenomenon inherent
to DCEs stating that patient preferences in a DCE may not
be reflective of reality [29].

Using these attributes, we created different scenarios
(choice sets) for patients to consider; the choice was
between undergoing surgical or nonsurgical treatment
for arthritis, given the assigned attribute levels (Supplementary
Fig. 4; http://links.lww.com/CORR/A911). These specific
combinations of attributes and levels resulted in 6561
unique iterations of outcomes using a full factorial design;
all of these iterations could not be feasibly presented to
each patient because of respondent fatigue [13]. To address
this limitation, we used a technique commonly used in
DCE studies known as fractional factorial design to
select a representative subset of all possible scenarios to
administer to participants. Using this method, we
reduced the number of choice sets to 30, each reviewed
for plausibility by each team member. The use of 30
unique choice sets (none containing identical attribute
levels) is consistent with DCE practice, in which eight
attributes require that a minimum of 27 choice sets be
used [18]. Alternatives for each choice set were chosen
based on a rotating design that limits level overlap and
orthogonality [20]. Enrolled patients were randomly
assigned 10 of these 30 choice sets. Each choice set
consisted of two options, labeled as surgery and no
surgery. Given the inclusion of a no-surgery option, no
opt-out choice was provided. Each patient was required
to select one of the two options until all 10 choice sets
had been answered (Supplementary Fig. 4; http://links.
lww.com/CORR/A911).

Study recruitment was concluded when 150 complete
response sets were recorded. These 150 respondents pro-
vided 3000 observations (150 x 20) for analysis.

Participants’ Demographic Data

Of the 150 respondents, 57% (85 of 150) were women, the
mean age at the time of participation was 64 6 10 years,
and most (95% [143 of 150]) respondents were White. All
respondent race/ethnicity categories were derived from
patient self-report and were accessed via our institution’s
electronic health record. The demographic profiles of re-
spondents and nonrespondents (those who declined partici-
pation in the study) were not statistically different (Table 1).
More than 50% of our patient respondents had completed a
bachelor’s degree or higher level of education at the time of
their appointment (Table 2). In our respondent cohort, 53%
(79 of 150) of respondents were currently employed and 41%
(61 of 150) were retired. Regarding surgery, 38% (57 of 150)
were considering THA, 59% (88 of 150) were considering
TKA, and 3% (5 of 150) were considering both. Regarding
the respondent’s baseline clinical status, 49% (74 of 150)
reported their average pain level to be severe, or 7 to 10 on a
scale from 0 to 10, and 47% (71 of 150) reported to be at 50%
of full physical function.

Study Size

With a significance level set at less than 0.05, and given our
number of choice tasks (n = 10), alternatives (n = 1), and
the largest number of levels for any attribute (n = 7), our
minimum required sample size was 100 patients to en-
sure 80% power for an effect size of 20% and endpoint of
each attribute coefficient to be equal to 0 [3]. This is
considered to be a small effect size, and it should be
interpreted as if the difference between two groups’
means is smaller than 0.2 SDs, which means the

Table 1. Demographics of respondents and nonrespondents

Variable Nonrespondents (n = 142) Respondents (n = 150) p value

Age in years at the time of scheduled
appointment

66 6 11 64 6 10 0.07

Gender 50 (71) 57 (85) 0.25

Women

BMI in kg/m2 28.87 6 6.20 29.46 6 6.18 0.42

Race or ethnicity

White 92 (130) 95 (143) 0.19

Hispanic 5 (7) 2 (3) 0.17

Asian 3 (4) 0 (1) 0.16

Black 0 (1) 1 (2) 0.59

Native American or Alaskan Native 0 (0) 0 (1) > 0.99

Preferred language

English 99 (141) 100 (150) > 0.99

Data presented as mean 6 SD or % (n).
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difference is negligible regardless of statistical signifi-
cance [9]. We recruited 150 patients to potentially in-
crease the power of subgroup analyses.

Experimental Overview

DCEs allow researchers to discern how changes in attribute
levels impact a respondent’s decision-making process.
This idea is based on consumer theory, in which respon-
dents always desire to maximize their utility or satisfaction
when making any decision [31]. All attributes are assumed
to have an independent impact on a respondent’s prefer-
ence, and the combination of these attributes and their
corresponding levels helps respondents make decisions.
For this study, patients had the choice to pursue a surgical
or nonsurgical option when considering treatment for hip
or knee osteoarthritis. Therefore, they needed to assess
each of the 10 scenarios, analyze the eight attributes and

their corresponding levels, and make an informed decision
that maximized their utility or overall satisfaction with their
choice in each scenario.

Modeling the DCE

Each respondent’s preference could be modeled by the
weight they placed on each attribute presented to them. All
attributes were assumed to have an independent impact
on a respondent’s preference, which could be modeled for
this specific study by the function below:

U = b0 + b1PAINmoderate + b2PAINsevere +
b350PHYSICAL_FUNCTION + b475PHYSICAL_
FUNCTION + b5INFECTION + b6REOPERATION +
b7IMPLANTFAILURE + b8DVT + b9MORTALITY +
b10RTWthreemonths + b11RTWnoreturn

In this function, U signifies the utility patients received
from the treatment of arthritis, b0 is a constant that repre-
sents the respondents’ preferences for surgical treatment
for their arthritis versus nonsurgical treatment, and b1

through b11 represent coefficients or preference weights
that signify the relative weight or importance of its corre-
sponding attribute. U in isolation possesses no inherent
meaning. However, respondents attempt to maximize U in
the choices they make. The magnitude of the coefficients
also has no intrinsic meaning, but these coefficients can be
compared with one another to observe how respondents
value each attribute, with relatively higher values in-
dicating greater importance placed on that attribute when
making a decision. Similarly, lower values indicate lower
importance. The sign of a coefficient indicates whether that
attribute contributes positively or negatively to U. If a co-
efficient for an attribute was statistically significant (p <
0.05), we interpreted the attribute as being potentially im-
portant to the respondent’s decision. Tradeoffs between the
attributes were determined by comparing the ratios of two
attributes’ coefficients. This value signified the marginal
rate of substitution, which in the setting of our DCE, is the
rate at which a patient is willing to experience one outcome
to achieve another. As an example, b8/ b2 represents how
much of an increased risk of DVT a patient was willing to
accept to have a decrease in pain from severe to minimal
when considering treatment for arthritis. These tradeoffs or
marginal rates of substitution allowed us to quantify how
patients value attributes with respect to one another in their
decision-making process.

Primary and Secondary Study Outcomes

To answer our first research question about the patient-
related and surgery-related factors that most influence
patients’ decisions about whether to undergo lower

Table 2. Respondent demographic information (n = 150)

Parameter Total

Education level

Less than a high school diploma 3 (4)

High school diploma or GRE 13 (20)

Associates degree 2 (22)

Bachelor’s degree 32 (48)

Master’s degree 29 (43)

Advanced professional degree 9 (13)

Joint

Hip 38 (57)

Knee 59 (88)

Both hip and knee 3 (5)

Employment status

Employed 53 (79)

Unemployed 7 (10)

Retired 41 (61)

Average pain level on a scale of 0 (no
pain) to 10 (worst possible pain)

Minimal (0-2) 11 (16)

Moderate (3-6) 40 (60)

Severe (7-10) 49 (74)

Current level of physical functioning

Completely disabled 3 (4)

25% of full physical function 15 (22)

50% of full physical function 47 (71)

75% of full physical function 33 (50)

100% of full physical function 2 (3)

Data presented as % (n); GRE = Graduate Record Examinations
standardized test.

Volume 481, Number 3 TJA Discrete-choice Experiment 431

Copyright © 2022 by the Association of Bone and Joint Surgeons. Unauthorized reproduction of this article is prohibited.



extremity arthroplasty, we used the data obtained from
the DCE to perform a conditional logit regression, which
provided absolute coefficients that indicated the relative
weight patients placed on each attribute and could in-
dicate whether patients deemed those attributes
influential.

To answer our second question about which of those
factors patients prioritized the most, we compared the
coefficients of influential variables to determine the
relative importance of these variables compared with
one another.

Ethical Approval

This study was approved by our institutional review board.

Statistical Analysis

We analyzed responses following parameters outlined by
the Good Research Practices Task Force [12]. We used a
conditional logit regression analysis to analyze response;
this is consistent with the random utility theory, which
determines that the utility of each choice is a function of its
attribute levels [4, 12, 24, 26, 33, 41]. Each answer chosen
by each participant and each alternative they do not choose
was considered an independent observation in this model.
A DCE analysis was performed using methods described
by Aizaki and Nishimura [1]. The variables input into the
conditional logit regression were patient-assessed attrib-
utes. Pain level, physical function level, and return to work
were coded with dummy variables, with minimal pain,
100% of complete physical function, and return in 1 week
as the omitted reference groups (Supplementary Table 1;
http://links.lww.com/CORR/A910). The pain level was
presented to respondents in a categorical fashion, in that
patients selected among minimal, moderate, and severe
levels of pain, corresponding to levels of 0 to 2, 3 to 6, and 7
to 10, respectively, on a scale of 10. The physical function
level was also interpreted as a categorical variable. Return
to work was coded with a dummy variable because it was
also a categorical variable with no continuous
interpretation, with return to work 1 week after treatment
as the reference. The remaining variables were coded as
continuous variables. Responses were reviewed to ensure
respondents did not answer all of one option because such
patterns could indicate respondent inattention [19]. A
calculated b coefficient (preference weight), standard
error, and the p value are reported for each attribute.
There was a demonstrated statistical difference when the
confidence intervals (CIs) for a single attribute’s b
coefficient did not overlap. A two-tailed p value < 0.05
was considered to indicate statistical significance. To

account for potential demographic confounders, we re-
peated analyses after stratification of the study sample by
joint, gender, baseline respondent pain level, and em-
ployment status. All statistical analyses were performed
using R (The R Foundation) and RStudio (RStudio).

Results

Patient-related and Surgery-related Factors That
Influenced the Decision to Have Surgery

We found that patients were willing to take on a hypo-
thetically increased PJI risk after their TJA in exchange
for a perceived pain reduction, improved physical function,
and the ability to return to work postoperatively.

Respondents preferred surgery resulting in pain re-
duction from severe pain (b coefficient: -0.59 [95% CI
-0.72 to -0.46]; p < 0.01) to minimal pain (Table 3). For the
return-to-work variable, only the change from no return to
work to return in 1 week was prioritized by patients when
considering surgery (b: -0.38 [95% CI -0.48 to -0.28]; p <
0.01). Improvement in physical function was also impor-
tant to patients; respondents desired to improve from 50%
(b: -0.80 [95%CI -0.9 to -0.7]; p < 0.01) and 75% (b: -0.44
[95% CI -0.55 to -0.33]; p < 0.011) of complete physical
function to 100% when considering surgery. Infection risk
was the only procedure-level variable identified as in-
fluential to patients when deciding to undergo TJA (b:
-0.22 [95% CI -0.30 to -0.14]; p < 0.01). Patients did not
find the risks of reoperation (b: -0.05 [95%CI -0.12 to 0.3];
p = 0.51), implant failure leading to premature revision
(b: -0.14 [95% CI -0.23 to -0.05]; p = 0.10), DVT (b: 0.07
[95% CI -0.01 to 0.15]; p = 0.40), or mortality (b: -0.04
[95% CI -0.12 to 0.04]; p = 0.66) to be influential (point
of discussion) when considering lower extremity
arthroplasty.

The b coefficients for the severe pain, 50% physical
function, and 75% physical function attributes were neg-
ative, indicating that these variables contributed adversely
to respondent desire (utility). This indicates that patients
consider living with severe pain and 50% and 75% of
complete physical function to be undesirable. The b co-
efficients for infection risk and no-return-to-work vari-
ables were also negative and thus contributed negatively
to utility and were undesired by respondents. The signs
for these coefficients were as expected, with respondents
preferring increased physical function, reduced pain
level, reduced infection risk, and reduced likelihood of
never returning to work. In addition, a positive constant
term indicated that in the absence of the influence of the
studied attributes, respondents preferred surgery to no
surgery.
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Which Factors Do Patients Emphasize the Most When
Making Surgical Decisions?

Of the attributes deemed important by respondents, im-
proving from 50% physical function to 100% physical
function and pain alleviation from severe to minimal were
the most influential attributes because they had the largest
absolute b coefficient values of -0.80 (95% CI -0.9 to -0.7;
p < 0.01) and -0.59 (95% CI -0.72 to -0.46; p < 0.01),
respectively. Patients deemed improvement in physical
function from 75% to 100% to be the next most influential
attribute, with a b coefficient of -0.44 (95% CI -0.55 to
-0.33; p < 0.01).

The factors with the least amount of influence on pa-
tients’ decision-making during the DCE were going from
no return to work to return in 1 week, with ab coefficient of
-0.38 (95% CI -0.48 to -0.28; p < 0.01), followed by in-
fection risk, with a b coefficient of -0.22 (95% CI -0.29 to
-0.15; p < 0.01).

Regarding potential complications, respondents be-
lieved that a change from 50% to 100% physical function
was the most important attribute, followed by pain re-
duction from severe to minimal because they were willing
to accept the greatest risk of an infectious complication to
achieve these outcomes. Specifically, patients were willing
to accept an absolute (and not merely an incrementally
increased) 37% infection risk to go from 50% to 100%

physical function and an absolute (not an incremental in-
crease) 27% infection risk to go from severe to minimal pain
(Supplementary Table 2; http://links.lww.com/CORR/A912).
Returning to work was heavily prioritized by respondents as
well. We found that patients were willing to accept an 18%
infection risk to return to work as opposed to being unable to
return to work (Supplementary Table 2; http://links.lww.
com/CORR/A912).

Subanalysis Stratified by Joint, Employment Status,
Gender, and Preoperative Pain Level

We chose to stratify our analysis by joint, employment
status, gender, and the respondent’s subjective pre-
operative pain level (severe versus mild or moderate).
When we stratified our analysis by joint, we found differ-
ences between the two cohorts. For patients considering
THA, we found that pain reduction from severe pain to
minimal was themost influential factor, with ab coefficient
of -1.04 (95% CI -1.28 to -0.80; p < 0.01), followed
by improvement in physical function from 50% to
100%, with a b coefficient of -0.86 (95% CI -1.03 to
-0.69; p < 0.01) (Supplementary Table 3; http://links.
lww.com/CORR/A913). For patients considering TKA,
improvement in physical function from 50% to 100% (b:
-0.83 [95% CI -0.96 to -0.70]; p < 0.01) and 75% to

Table 3. Conditional logit model results for all patients

Variable Description b coefficient Standard error p value

Constant 0.17 0.20 0.40

Pain level Minimal (0-2 of 10) Constrained to be 0

Moderate (3-6 of 10) 0.19 0.13 0.15

Severe (7-10 of 10) -0.59 0.13 < 0.01

Physical function level 100% of complete physical function Constrained to be 0

75% of complete physical function -0.44 0.11 < 0.01

50% of complete physical function -0.80 0.10 < 0.01

Risk of infection (per 10% increase) -0.22 0.07 < 0.01

Risk of reoperation (per 10% increase) -0.05 0.07 0.51

Risk of implant failure leading to
premature revision (per 10% increase)

-0.14 0.09 0.10

Risk of DVT (per 10% increase) 0.07 0.08 0.40

Risk of mortality (per 10% increase) -0.04 0.08 0.66

Return to work Return in 1 week Constrained to be 0

Return in 3 months -0.20 0.12 0.09

No return to work -0.38 0.10 < 0.01

The b coefficient, or preference weights, signify the relative weight or importance of a corresponding attribute for participants
deciding between surgical treatment for their arthritis as opposed to nonoperative treatment. The magnitude of the coefficients
also has no intrinsic meaning, but these coefficients can be compared with one another to observe how respondents value each
attribute, with relatively higher absolute values indicating greater importance placed on that attribute during decision-making. The
sign (+/-) of a coefficient indicates whether that attribute contributes positively or negatively to the collective participants’ utility, or
overall benefit gained as a result of choosing surgical treatment for arthritis as opposed to nonoperative treatment.
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100% (b: -0.44 [95% CI -0.58 to -0.30]; p < 0.01) were
the most influential factors, followed by reduction in
pain from severe to minimal (b: -0.37 [95% CI -0.51 to
-0.21]; p = 0.02) (Supplementary Table 4; http://links.
lww.com/CORR/A914).

When we stratified our analysis by employment status
(employed versus unemployed and retired), the most no-
table difference compared with the overall cohort was
observed in the second and third most influential variables;
employed patients valued improvement in physical func-
tion from 75% to 100% (b: -0.62 [95% CI -0.77 to -0.45];
p < 0.01), followed by reduction in pain from severe to
minimal (b: -0.59 [95% CI -1.14 to -0.04]; p < 0.01)
(Supplementary Table 5; http://links.lww.com/CORR/A915).
For unemployed patients, the trends in influential variables
were the same as those in the overall cohort, except patients
in this subgroup did not appear to place importance
on improvement in physical function from 75% to 100%
(b: -0.27 [95% CI -43 to -0.11]; p = 0.11) (Supplementary
Table 6; http://links.lww.com/CORR/A916).

Stratification by gender revealed that women had a
similar pattern of decision-making to the overall cohort
(Supplementary Table 7; http://links.lww.com/CORR/A917),
whereas men did not appear to consider an improvement in
physical function from 75% to 100% as an important factor
when deciding to undergo TJA (b: -0.28 [95% CI -0.45 to
-0.11]; p = 0.09) (Supplementary Table 8; http://links.lww.
com/CORR/A918).

Finally, we identified that only patients with severe pain
at the time of their appointment found infection risk in-
fluential in their decision-making process (b: -0.27 [95%
CI -0.37 to -0.17]; p = 0.01) (Supplementary Table 9; http://
links.lww.com/CORR/A919). These patients were willing
to accept an absolute (and not merely an incrementally
increased) 24% risk of infection to improve their physical
functioning from 50% to 100%. Conversely, patients with
only mild-to-moderate pain at their appointments were
unwilling to take on a hypothetically high infection risk
as a tradeoff for improvement in physical function or
pain relief (Supplementary Table 10; http://links.lww.
com/CORR/A920).

Discussion

TJA is associated with great benefit but potentially severe
complications; however, patients’ understanding and tol-
erance of these risks need to be better characterized. This
study aimed to determine how patients quantify and weigh
these benefits and risks relative to one another when con-
sidering whether to undergo TJA. In order of relative im-
portance, we found that patients considered physical
function, pain level, returning to work, and infection in-
fluential when deciding to pursue TJA. Despite taking

numerous steps to aid patients in understanding TJA
complications and their sequalae, we were surprised that
patients were willing to take on concerningly high infection
risks for pain relief and physical function improvement.
We theorize that patients may not appreciate the potentially
devastating complications of PJI as much as their surgeons.
Interestingly, respondents did not appear to find the risk of
death influential when considering surgery. Based on these
findings, we suggest that surgeons need to do two things
with particular care: (1) We need to individualize our
counseling of patients and focus on each individual pa-
tient’s likelihood of achieving a functional result that is in
range with that patient’s own desires (not all patients are
equally likely to achieve full function after TJA, but the
desire to achieve full or near-full function was strongly
valued by our study’s participants), and (2) we need to
counsel patients to ensure that they know just how devas-
tating periprosthetic joint infections really are.

Limitations

Our study has several important limitations. Only including
one urban and one suburban hospital in our study may limit
the generalizability of our findings to similar healthcare
systems. In addition, although our study’s population
consisted of predominantly White patients, it reflects
known racial and ethnic disparities in patients considering
lower extremity TJA [2, 34]. Regarding the use of a DCE in
our study, an inherent limitation is an inability to control for
potential confounders in the regression analysis. However,
we performed stratified analyses of possible confounding
variables such as gender, joint, employment status, and
baseline pain level. In addition, although we included ex-
aggerated risks for TJA outcomes, this is a standard prac-
tice in DCE study design that can lead to hypothetical bias
or differences in participant response in reality compared
with responses within the DCE. To address the concern of
nonresponse bias in our study, we examined the de-
mographics of the 142 patients who met the inclusion cri-
teria but ultimately did not complete the survey [22]. We
were unable to find any differences between the nonre-
spondents and respondents (Table 1). A different compo-
sition of respondents may result in different valuations of
attributes and tradeoffs.

Furthermore, it is not practical to list every attribute that
might influence a patient’s decision to pursue TJA.
Through a comprehensive review, we were forced to omit
several factors that have been shown to influence patient
preferences, including surgeon experience and out-of-pocket
cost [16, 30]. Considering this, we believe our selected
variables represent the most commonly discussed topics
during patient discussions with orthopaedic surgeons.
Although our subanalyses may have been underpowered,
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they highlighted some interesting findings and were
therefore included. Future studies with larger patient co-
horts could examine the preferences of men and women
when deciding whether to undergo TJA to provide better
patient-centered counseling.

Patients were aware that they were answering hypo-
thetical scenarios in the DCE, and this could have affected
their decision-making compared with a nonhypothetical
scenario. However, patients were explicitly advised to
answer each choice scenario as they would in reality, thus
limiting this concern. Recognizing that patients may have
undergone nonoperative treatments before their orthopae-
dic consultation, we placed an emphasis on interpreting the
variables in the DCE as valid, despite any previous expe-
rience with nonoperative management.

Another potential concern is varying levels of patient
appreciation for the ramifications of certain complications,
such as infection, when answering the DCE. To mitigate
such concerns, the survey administrators provided and
thoroughly reviewed an informational sheet with the pa-
tients that intentionally had much more detailed descrip-
tions of complications such as infection than of the easily
interpretable complications of death and return to work.
Study coordinators were also present to clarify any ques-
tions or confusion regarding the DCE and informational
sheet if needed. Thus, we believe that our findings, such as
patients being willing to take on a higher infection risk to
achieve improvements in physical function and pain, may
reflect a lack of appreciation for the full range of PJI se-
quelae, although efforts were made to educate patients as
much as reasonably possible.

Of note, the rates of complications presented to patients
were intentionallymany times higher than their true rates of
occurrence in practice. This study design could also draw
concerns that patient preferences may deviate if presented
with true complication rates. However, this practice is
consistently performed throughout studies using DCE and
is required especially when rare complications are used as
attributes, such that subtle differences in preferences can be
perceived and quantified.

Discussion of Key Findings

Our study found that patients prioritize pain reduction,
improvement in physical function, infection risk, and the
ability to return to work as the most important when con-
sidering lower extremity arthroplasty. These variables were
not of equal importance in the decision-making process,
with considerably more weight placed on pain reduction
and improvement in physical function as opposed to in-
fection risk, as evidenced by their larger b coefficients.
Furthermore, our study suggested that patients who present
to their consultation with higher baseline pain levels are

more willing to accept an increased infection risk to im-
prove physical function and ameliorate their pain. Thus, it
is apparent that there is a discrepancy between the patient’s
understanding of the risks and complications following
infection compared with those of the surgeon, which
warrants further targeted intervention. Specifically, verbal
explanation may not be sufficient, as evidenced by our
results, and additional education using a multimodal (video
and written) instructional seminar preoperatively with op-
portunities for patient teach-back may be most effective
[36, 38]. This may help patients better understand the
gravity of PJI complications and the almost inevitable
risk of reoperation(s). In addition, early identification
of patients with higher baseline pain levels may
streamline a surgical consultation so a larger emphasis
can be placed on addressing the seriousness of potential
surgical complications.

Our findings are generally supportive of earlier DCEs
in arthroplasty [16, 37], but ours extends knowledge in
several important ways by stratifying TJA complications
in the DCE, which highlighted a potential lack of appre-
ciation for postoperative complications, namely infection.
One notable study performed by Hutyra et al. [16] used a
DCE to examine patient preferences when considering
TKA or unicompartmental knee arthroplasty. Patients in
that study were divided into one of two groups depending
on their preoperative functional ability based on the
Oxford Knee Score. In both groups, patients prioritized
serious complications and the risk of revision over func-
tional ability. There is a possibility as to why our study
results are different from those of Hutyra et al.’s [16]. We
asked patients to decide between a definitive surgical
treatment (TKA or THA) or nonoperative management
for their joint pain, whereas Hutyra et al. [16] asked pa-
tients to choose between unicompartmental knee arthro-
plasty and TKA. Patients in our study, especially those
with severe baseline pain levels who may have tried
nonoperative options in the past, might have believed that
any benefits in physical function or pain relief from the
nonoperative option would ultimately be less effective
than TJA, even if the choice presented in the DCE dem-
onstrated some benefit to the nonoperative management
option. Although Hutyra et al. [16] listed an overall
complication rate for their DCE, we further stratified
complications into more granular components, which
allowed us to discern differences in the prioritization of
various complications. Certainly, not all complications
bear the same consequences for patients, such as post-
operative DVT versus infection. Furthermore, we chose to
examine return to work as an attribute that influenced
patients’ decision-making processes.

By including these additional attributes, we could dis-
cern that although patients consider life-threatening
complications—namely infection—to be important, they
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place more value on factors such as pain reduction, phys-
ical function level, and returning to work.

Recent studies have found that reoperation risk is a
factor in patients’ decision-making process about TKA and
the type of revision surgery for the management of peri-
prosthetic joint infections [7, 16]. It is worth noting that
prior studies did not include the diversity of patient-related
or surgery-related attributes that we did, andwe believe this
helped us to discern some subtle yet important preferences.
In our study, reoperation risk did not influence our re-
spondents’ decision-making processes. We believe that
when requiring a choice between unlikely complications,
such as reoperation or infection, and an attribute that would
affect an individual’s everyday quality of life, such as pain,
patients choose to prioritize the latter. This may especially
be the case when a patient may have limited understanding
of the full range of consequences for complications such as
those following a PJI, further underscoring the need for
more effective patient education by surgeons.

Conclusion

Overall, our findings revealed that in patients considering
TJA, alleviation of pain and improvement in physical
function were relatively more important attributes in the
decision-making process than risk of infection. This sug-
gests that patients may not recognize the very serious and
potentially life-threatening consequences of a PJI. In ad-
dition, patients presenting with severe baseline pain may be
more willing than patients with mild-to-moderate pain to
accept an infection risk after TJA to improve physical
function and decrease pain. Because preoperative expec-
tations about TJA have a high correlation with post-
operative functional outcomes, orthopaedic surgeons
should prioritize patient education with respect to these
attributes, such that patients understand the implicit risks
and benefits of TJA [10, 14, 25]. Future studies should
investigate the effect of targeted, multimodal counseling on
infection risk and the effectiveness of teach-back in pa-
tients who may be the most risk-tolerant, such as those with
higher baseline pain levels.
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