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ABSTRACT: Surgical interventions for knee osteoarthritis (OA) have markedly different procedure attributes and may have dramatic differences
in patient desirability. A total of 323 patients with knee OA were included in a dual response, choice-based conjoint analysis to identify the
relative preference of 9 different procedure attributes. A model was also developed to simulate how patients might respond if presented with
the real-world knee OA procedures, based on conservative assumptions regarding their attributes. The “amount of cutting and removal of

the existing bone” required for a procedure had the highest preference score, indicating that these patients considered it the most important
attribute. More specifically, a procedure that requires the least amount of bone cutting or removal would be expected to be the most preferred
surgical alternative. The model also suggested that patients who are younger and report the highest pain levels and greatest functional

limitations would be more likely to opt for surgical intervention.
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Introduction

Globally, knee osteoarthritis (OA) is a leading cause of pain
and disability in the adult population, having a considerable
impact on both the health care system and a patient’s long-
term quality of life.!> The spectrum of surgical options for
knee OA is broad, offering a range of potential risks and ben-
efits to patients. Across this spectrum, very little scientific study
has considered the desires and preferences of patients, the per-
sons undergoing the surgery. The ideal operative treatment
would delay or prevent the progression of the disease, provide
symptomatic relief, and preserve the anatomy and biomechan-
ics of the joint.3*-® Surgical interventions for the treatment of
knee OA include unicompartmental knee arthroplasty (UKA),
high tibial osteotomy (HTO), total knee arthroplasty (TKA),
and, recently in Europe, unicompartmental joint unloading
with the KineSpring System (Moximed, Inc., Hayward, CA,
USA).3-10 These procedures have markedly different perioper-
ative and postoperative profiles and may, therefore, have dra-
matic differences in patient desirability.

Recently, the US Food and Drug Administration (FDA) has
taken important steps to highlight the role of patients and their
input in medical decision-making, including regulatory pathways
to product approvals. Their goal is to bridge the gap between
patients, their health care providers, and regulatory agencies.!-13
One approach to this is referred to as “patient-preference infor-
mation,” which is defined as “qualitative or quantitative assess-
ments of the relative desirability or acceptability to patients of
specified alternatives or choices among outcomes or other

attributes that differ among alternative health interventions.”!
The submission of patient-preference information to the FDA is
not mandatory, but it might be useful for the following: (1)
devices intended to yield significant health and appearance ben-
efits, (2) devices intended to directly affect health-related quality
of life, (3) devices that are life-saving, but high-risk, (4) devices
developed to fill an unmet medical need or treat a rare disease/
condition, (5) devices that offer alternative benefits to those
already marketed, or (6) devices with novel technology.!!

Patient perspectives regarding the benefit-risk trade-offs of
therapies and their defining attributes are valuable because
only patients live with their conditions and the consequences of
their choices.’3 Such information is useful when multiple
treatment options exist for a given condition, when compara-
tive effects between treatments are uncertain, or when patients’
views about benefits and risks vary within the patient popula-
tion or differ from those of their health care providers.!! It
would also be influential in the research and development of
future therapies.!13

The purpose of this study was to obtain patient-preference
evidence to inform regulatory approval decisions by the FDA
Center for Devices and Radiological Health during the bene-
fit-risk assessment of surgical interventions for knee OA. This
approach will provide quantitative estimates on the value of the
individual attributes defining these procedures, from the
patient’s perspective, allowing for a comparison between surgi-
cal treatments based on each of their unique characteristics.
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Methods
Design

One quantitative method recommended by FDA for conduct-
ing a patient-preference study is conjoint analysis, which is a
stated preference research tool that involves asking patients a
series of questions and analyzing their response patterns to
determine the underlying value of an intervention’s attributes
and potential outcomes.'21415

A dual response, choice-based conjoint approach was used,*
asking respondents to select their most preferred treatment
alternative from a set of 3 hypothetical surgical options for
knee OA.This is a type of “stated-preference” study, as opposed
to a “revealed-preference” test, where patient preferences are
elicited by offering study participants choices or asking them to
answer valuation questions in the form of an experimental
design. Revealed-preference methods obtain patient prefer-
ences from the actual observed choices made by patients,
which can avoid the hypothetical bias associated with stated-
preference models. However, such methods are difficult to
apply when a device profile of interest is not yet available for
patients to choose from because the device is still under regu-
latory review. Therefore, revealed-preference methods are lim-
ited when the benefit-risk profile of a device is not comparable
with any other on the market. These methods are also subject
to potential biases, such as financial considerations of individ-
ual patients."! The KineSpring System is not yet approved by
the US FDA, and data regarding actual patient choices involv-
ing this device do not exist; therefore, a stated-preference
approach was deemed more suitable for this study.

An analysis of the pattern of their choices revealed the
implicit relative importance of the procedure attributes. Based
on these results, the perceived value of an intervention was esti-
mated as a weighted sum of the attributes, where the weights
represented the average relative importance of each feature. For
the purposes of this study, these weights are referred to as “pref-
erence scores.”!® The resulting preference scores are displayed
on the same scale to allow for direct comparisons between the
procedure attributes.!!

Setting and participants

An email invitation to the survey was sent in June 2016 to a
group of Internet panelists in the United States. They were
recruited from Research Now, an online sampling and data col-
lection company that provides a nationally representative panel
of consumers. These panelists receive “panel points,” which
accumulate as they complete surveys and can be exchanged for
gifts. The message did not specify the topic of the research, why
they were sent the invitation letter, or who developed the sur-
vey. The panelists were simply told that the survey was about
health care products and treatments for ailments. Respondents
had to complete a set of screening questions to ensure that they
met the following criteria, which was selected to ensure a study

sample representative of US patients with knee OA who may
realistically be offered surgery to treat their condition!17:

e Men and women aged 25 to 80years;

e Diagnosed with OA in the knee;

e Experience pain in the knee of 24 on a 0 to 10 scale,
where 0 means not at all painful and 10 means extremely
painful;

e Experience knee pain at least once a week;

e Previously failed nonsurgical treatments for knee OA
pain;

e Pass a security screen;

e No previous surgical implant involving the knee (ie,

TKA, UKA).

Only qualified respondents proceeded to the online survey.
The link to the Web site included an embedded password that
could only be used once. Respondents did not have the ability
to go back to previous questions. We targeted a minimum sam-
ple of 300 patients based on the recommendation from Bridges
et al'* on Good Research Practices for Conjoint Analysis Task
Force. All patients who completed the survey were included in
the analysis.

This study received exemption from the Western Institutional
Review Board prior to conduct and is registered on clinicaltri-
als.gov (NCT02934672).

Survey instrument

The first section of the questionnaire captured demographic
details on the patient (Supplement 1). The second section
presented a series of trade-off exercises, during which a
patient was presented with 3 hypothetical surgical alterna-
tives, each described by 9 distinct treatment attributes. Each
attribute was constructed of 2, 3, or 4 levels (see Table 1 for a
complete listing of the procedure attributes and their corre-
sponding levels, which was developed and finalized in col-
laboration with an orthopedic surgeon). Although some of
the attribute levels displayed in this table may very rarely been
seen in actual clinical practice, they were intentionally pre-
sented as maximum levels to patients to establish a relative
scale across the range of levels (eg, complete pain relief, zero
chance of additional future surgery).

In the trade-off exercise, the level for each of the attributes
of a given procedure was randomly generated, reducing the
likelihood that the hypothetical alternatives would match
existing, real-world procedures. The 3 surgical alternatives were
presented as “Treatment A,”“Treatment B,”and “Treatment C”
in the survey (Figure 1), and the names of real treatments were
never presented to survey respondents. Respondents completed
the choice exercise 12times, representing a balance between
guidelines for a robust survey and survey fatigue.!3> When pre-
sented with the 3 hypothetical surgical options, respondents
were instructed to assume that all of the treatments were
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Table 1. Procedure attributes for knee osteoarthritis.

ATTRIBUTE LEVELS

How much cutting and removal of existing bone is

required

None

1.
2.1 leg bone cut

3. 2 leg bones cut with partial bone removal
4.

2 leg bones cut with extensive bone removal

Maintains natural knee motion 1. Yes
2. No

Limits or complicates any future treatment needs 1.

on the knee

Length of hospital stay required

Recovery time needed before standing, bearing

weight without crutches

Time before resuming daily activities

Amount of pain reliefa

Postrecovery activity restrictions

Chance of additional surgery

removal)

Allows all future knee surgical options
2. Allows for limited future knee surgical options (with bone cuts and partial bone

3. Allows for only end-stage knee surgical options (with bone cuts and extensive bone

removal)

1. None, outpatient procedure
2. 1 night stay typical
3

. 2 night typical

1
2. 6wk
3. 8wk
4. 12wk
1-2mo

3-4mo
5-6mo

rONS ON=

wnN =

. None

wnN =

. Immediately after procedure

Complete relief

. 5% experience some minor pain

. 10% experience some minor pain
. 30% experience some minor pain

cuts and extensive bone removal within 2y

a“Minor pain” defined as a score of <3 on a 0 to 10 scale.

. No restrictions, even running and jumping allowed
. Moderate activity allowed, excluding running and jumping
. Only low-impact activities allowed

. 25% require surgical removal of original implant within 2y
. 5% require surgical removal of original implant and progression to surgery with bone

Treatment Options
Feature
Treatment 1 Treatment 2 Treatment 3
Eﬂzd:;m::ﬂ“g::mm“' of 2 leg bones cut wi extensive bone removal | 2 leg bones cut wi extensive bone removal 1 leg bone cut
Maintains natural knee motion Yes No Yes

Limits or
treatment n

licates any future
on the knee

Allows for limited future knee surgical options
(with bone cuts and partial bone removal)

Allows all future knee surgical options

Allows all future knee surgical options

Length of hospital stay required

1 night stay typical

None, outpatient procedure

1 night stay typical

Recovery time needed before standing,
bearing weight without crutches

6 weeks

6 weeks

Immediately after procedure

Time before resuming daily activities

3-4 months

1-2 months

1-2 months

Amount of pain relief

10% (10 in 100] experience some minor pain
(3 or less on a 0-10 scale)

5% (5 in 100) experience some minor pain (3
or less ona 010 scale)

5% (5 in 100) experience some minor pain (3
of less on a 0-10 scale)

Post recovery activity restrictions

No restrictions-even running and jumping
allowed

Only low impact activities allowed

No restrictions-even running and jumping
allowed

Chance of additional surgery

9% (5 in 100) require surgical removal of
original implant and progression to surgery
with bone cuts and extensive bone removal

within two years

25% (25 in 100) require surgical removal of
original implant within two years

5% (5 in 100) require surgical removal of
original implant and progression to surgery
with bone cuts and extensive bone removal

within two years

Most Likely to have

Least Likely to have

Figure 1. Trade-off exercise step 1, “For the 3 treatments below, which one would you be most likely to have and which one would you be least likely to

have?”
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Feature Treatment 3
How much cutting and removal of
existing bone is required 1 leg bone cut
Maintains natural knee motion Yes

Limits or licates any future treatment
needs on the Enee

Allows all future knee surgical options

Length of hospital stay required

1 night stay typical

Aad hat

Recovery time tanding,
bearing weight without cmt;hoa =

Immediately after procedure

Time before resuming daily activities

1-2 months

Amount of pain relief

5% (5 in 100) experience some minor pain (3
or less on a 0-10 scale)

Post recovery activity restrictions

No restrictions-even running and jumping
allowed

Chance of additional surgery

5% (5 In 100) require surgical removal of
original implant and progression to surgery
with bone cuts and extensive bone removal

within two years

Definitely would
Probably would
Might or might not
Probably would not
Definitely would not

Figure 2. Trade-off exercise step 2, “This is the treatment you preferred. How likely would you be to actually have that treatment?”

considered clinically acceptable by their doctor. Patients then
chose which 1 of the 3 alternatives they would be most likely to
have and which one they would be least likely to have (Figure
1). Subsequently, respondents were then asked, with reference
to their selected preferred treatment in the trade-off exercise,
“How likely would you be to actually have that treatment?”
with the following possible answers: (1) definitely would, (2)
probably would, (3) might or might not, (4) probably would
not, and (5) definitely would not (Figure 2).

The final survey instrument was piloted in a group of naive
respondents prior to study conduct. This was done to ensure
that the questions were clear and comprehensible, and that the
online survey was functioning as desired. The group of naive
respondents did not find the tasks unreasonable to complete.
The survey was then launched to a preliminary sample of the
target audience, and their responses were monitored for any
issues. There was no indication that this preliminary sample
found the survey to be too difficult or cumbersome, as there
was no evidence of them simply stopping in the middle of the
survey, patterned responses, or respondents speeding through
the survey (based on the mean length of time to complete the
survey and the normal distribution around this mean).

Data analysis

Patient preference scores for the procedure attributes were cal-
culated based on the response patterns of the included sample.
A hierarchical Bayesian multinomial logit model was used to

generate utilities that accounted for individual preferences.
These utilities were then used to run simulations and calculate
preference scores with the choice-based conjoint analysis soft-
ware by Sawtooth Software, Inc. (Orem, UT, USA).18-22 The
ensuing model predicted how patients might respond if they
were presented with the real-world surgical options for knee
OA using conservative baseline assumptions for their attribute
levels (Table 2). These assumptions were based on outcomes
reported in the previous literature.?>33 The model predicted
the probability that a patient would choose a given treatment
relative to the other treatments, or a no-procedure alternative,
included in the model. It was also able to simulate responses by
sex, age group, patients’ pain level, and the impact of their knee
problems on their daily function.

The model was also programmed to simulate how patients
with knee OA might respond if they were presented with up to
3 treatment options. We compared the KineSpring System
attributes to those of each of the other 3 real-world surgical
procedures (ie, HTO, UKA, and TKA) and also simulated how
patients might respond if they were given the option to choose
between 3 of these interventions. We also performed a sensitiv-
ity analysis to determine whether, and to what extent, patient
responses might change if presented with the “worst-case” sce-
nario for the KineSpring System when compared with less
conservative assumptions for both arthroplasty procedures (ie,
UKA and TKA). In this simulation, alternate assumptions
were used for the attribute levels of “maintains natural knee
motion,” “amount of pain relief,” and “postrecovery activity

” «
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restrictions” for both UKA and TKA; we retained the conserv-
ative assumptions of the KineSpring System as presented in

Table 2.

Results
Data quality and demographics

We screened 978 Internet panelists. In all, 583 did not qualify
for the following reasons: did not have knee OA, accessed the
survey via a mobile device, did not have the minimum level or
frequency of pain required, did not pass questions B or E of the
security screening questions (Supplement 1), had previously
undergone knee replacement surgery, or were younger than
25years old. Of the remaining 395, 72 did not complete the
survey; therefore, 323 were included in the final analysis (a
completion rate of 81.8%).

The demographic characteristics of the 323 respondents are
available in Table 3. More than 65% of the sample was women,
47% were less than 60years old, and 94% were white.
Approximately 97% of respondents had some form of medical
insurance. Almost 54% of patients stated that they have knee
pain every day, and 21% of them rated their pain as high
(defined as 28 on a 1-10 scale). Roughly 71% indicated the
presence of pain in both knees, and 57% experienced symptoms
for greater than 5years. Of the 299 respondents who spoke
with a doctor about their knee pain, 79% consulted with their
primary care physician and 59% saw an orthopedic surgeon.
The most common previously attempted treatments for symp-
tomatic relief were simple pain medications (69%), physical
therapy (55%), knee bracing (48%), weight loss (46%), and

nonsteroidal anti-inflammatory drugs (44%).

Preference score estimates

Figure 3 shows the preference score estimates for all attrib-
utes on the same 100% scale (individual scores add up to
100%). These scores represent quantitative estimates of how
much respondents weighed (or valued) a given procedure
attribute, relative to all other attributes, based on the choices
they made in the trade-off exercise. The mean preference
score value was 11.1%. The “amount of cutting and removal
of the existing bone required” for the procedure had the high-
est preference score of 18.7% (ie, it was the most important of
the 9 procedure attributes to patients), followed by the
“chance of additional surgery” (14.1%) and “amount of pain
relief” (12.7%); the attributes with the lowest preference
scores (least important to patients) were “limits or compli-
cates any future treatment needs on the knee” (7.3%) and
“length of hospital stay required” (7.3%). Estimates by sex,
age, baseline level of pain, and level of impact on daily func-
tion showed similar results (Supplement 2).

Table 4 shows the preference scores of the levels within each
procedure attribute. This scale ranges from -100 to +100,
where the numerical estimate of the score is a measure of how

much respondents valued a particular attribute level and the
direction is an indication of whether it was more (positive
score) or less (negative score) preferable to patients. It was
determined that a procedure that does not require any bone
cutting or removal was the most preferred attribute level (pref-
erence score: +72.5), whereas one that requires the cutting of 2
leg bones with extensive bone removal was the least preferred
attribute level (preference score: -56.3).

Table 5 presents the estimated percentage of respondents
who would choose a surgical option over a no-procedure alter-
native, for each of the 4 real-world knee OA surgical interven-
tions. These estimates were based on the procedure profiles in
Table 2. The predicted proportions of respondents who would
prefer the surgery over no surgery were 32.5% for the
KineSpring System, 7.1% for UKA, 5.9% for HT'O, and 5.3%
for TKA. This trend was consistent across sexes, age groups,
pain levels, and impact levels on daily function. The results in
Table 5 also demonstrated limited differences in the predicted
responses between men and women; however, they also revealed
that younger patients, those with a greater pain level, and those
with higher restrictions on daily function would be most likely
to opt for surgery. This observation was consistent across all
procedures.

In the models that simulated patient responses if they were
offered the KineSpring System versus the other surgical
options, the results consistently demonstrated a greater prefer-
ence for a treatment with the attributes of the KineSpring
System (Supplement 3). The results of the sensitivity analysis
are shown in Table 6, which, again, demonstrated a greater
expected preference for a treatment with characteristics similar
to those of the KineSpring System.

Discussion

The model, which was developed based on stated preferences
of patients with actual knee OA, concluded that the surgical
feature that contributed the most to a patient’s decision (ie, the
attribute with the highest patient preference score) was the
“amount of cutting and removal of the existing bone required”
for the procedure. The results also suggested that patients
would be more likely to select a procedure with the attributes
of the KineSpring System if they were younger, had a greater
level of pain, or if their knee problems had a greater impact on
their daily function. Importantly, men and women would be
equally as likely to have a procedure with such characteristics.
These findings are consistent with previous publications that
have emphasized the desire to offer patients a procedure that
preserves the bone for future surgeries, while also relieving
symptoms and improving function, among younger and more
active individuals.3#3> Bozic et al3* evaluated patient prefer-
ences in a sample of individuals with hip OA and found that
the most important factor in the group of patients who chose
hip resurfacing arthroplasty was the procedure’s impact on
femoral bone preservation. This study provides quantitative
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Table 3. Demographic characteristics of the 323 survey respondents. Table 3. (Continued)
CHARACTERISTIC NO. OF CHARACTERISTIC NO. OF
RESPONDENTS (%) RESPONDENTS (%)

Gender 10-14y 59 (18.3)

Male 112 (34.7) 15y or more 56 (17.3)

Female 211 (65.3) Health care professionals spoken to about knee (n=299)2
Age,y Primary care physician 236 (78.9)

25-34 4(1.2) Orthopedic surgeon 176 (58.9)

35-49 43 (13.3) Physical therapist 81 (27.1)

50-59 105 (32.5) Rheumatologist 58 (19.4)

60-69 113 (35.0) Chiropractor 42 (14.0)

70-80 58 (18.0) Pain management specialist 32 (10.7)
Ethnicity Doctor of osteopathy 20 (6.7)

White 302 (93.5) Sports medicine 14 (4.7)

African American 16 (5.0) Nurse (practitioner) 13 (4.3)

Hispanic 6 (1.9) Acupuncturist 10 (3.3)

Asian/Pacific Islander 5(1.5) Occupational therapist 72.3)

Other 3(0.9)

Previously used treatments for knee pain?
Medical insurance

Simple pain medication 222 (68.7)
Yes 313 (96.9
( ) Physical therapy 178 (55.1)
No 10 (3.1
S Knee brace 156 (48.3)
How often do you have your knee pain? Weidht | 149 (46.1)
eight loss .
Every day 174 (53.9) NSAIDs 143 (44.3)
5-6times/wk 41 (12.7
( ) Intraarticular injections 101 (31.3)
3-4times/wk 71 (22.0
( ) Lifestyle modification 98 (30.3)
1-2times/wk 37 (11.5
( ) Cane, crutches, walker 84 (26.0)
Level of pain, on a scale from 1 to 10 Meni 57 (17.6)
eniscus surgery .
High (8-10) 69 21:9) Orthotics 52 (16.1)
Moderate (6-7 114 (35.3
©-7) ( ) Arthroscopic surgery 41 (12.7)
Low (4-5 140 (43.3
#-3) ( ) Ligament repair surgery 12 (3.7)
Impact on daily function, on a scale from 0 to 10 Microfract 3(09)
icrofracture surgery .
High (7-10 130 (40.2
o ( ) ( ) Cartilage replacement 3(0.9)
Moderate (5-6) 101 (31.2) N 722
one .
Low (0-4) 92 (28.5)
Abbreviation: NSAIDs, nonsteroidal anti-inflammatory drugs.
Do you have pain in just 1 knee or both? aRespondents could select more than 1 option.
1 knee 95 (29.4)
evidence that this particular treatment attribute is also impor-
Both knees 228 (70.6) tant to patients with knee OA.
How long have you had knee pain? Similar studies have been previously conducted, but they
5y or less 138 (42.7) focused on nonsurgical therapies for knee OA and considered

different attributes.!%213 This sample was drawn from a cross
6-9y 70(21.7) section of the US knee OA population who may realistically be



Clinical Medicine Insights: Case Reports

offered surgery for their condition.’®1” Survey respondents
were predominantly white (93.5%) and patients with medical

How much cutting and removal of
existing bone is required

Chance of additional surgery

Amount of pain relief

Maintains natural knee motion

Recovery time needed before standing,
bearing weight without crutches

Post recovery activity restrictions

Time before resuming daily activities

Limits or complicates any future
treatment needs on the knee

Length of hospital stay required

Mean: 11.1

0.0 5.0 10.0 15.0 26.0
Figure 3. Preference score estimates for attributes of knee osteoarthritis
surgical procedures (100% scale). Attributes are sorted from highest to
lowest relative importance.

insurance (96.9%). There were also nearly twice as many
women as men (65.3% versus 34.7%) included in the study.
The treatment attributes included in this study were patient-
centered and clinically important.

Several recent studies have highlighted higher complication
rates and an increased likelihood of revision surgery of up to
9% at 2years in younger patients with TKA.28337 A recent
report also suggested that approximately one-third of younger
patients receiving TKA have residual pain and symptoms.®!
There are also concerns about a patient’s ability to function
after TKA, as only low-impact activities are recommended
postsurgery, and activities such as jogging, racquetball, and ski-
ing should be avoided.?*** Thus, it would not be surprising if
potential knee surgery patients might prefer a treatment with
distinctly different attributes than an arthroplasty procedure.

This study had some limitations. The sample was predomi-
nantly white (93.5%), and previous literature demonstrates that
decisions regarding willingness to undergo surgery may differ
between races.®®*! Vina et al*! found that the decline in the
willingness to operate, relative to baseline, was less in those

Table 4. Estimates of preference scores for all levels within individual attributes (-100 to +100 scale).

ATTRIBUTE LEVEL PREFERENCE SCORE
Amount of cutting and removal of existing bone  None +72.5
1 leg bone cut +9.3
2 leg bones cut with partial bone removal -25.4
2 leg bones cut with extensive bone removal -56.3
Chance of additional surgery None +49.2
5% require surgical removal of original implant and progression -55
to surgery with bone cuts and extensive bone removal within2y ~ -43.7
25% require surgical removal of original implant within 2y
Amount of pain relief2 Complete relief +52.2
5% experience some minor pain +1.2
10% experience some minor pain -16.1
30% experience some minor pain -37.4
Maintains natural knee motion Yes +36.6
No -36.6
Recovery time needed before standing and Immediately after procedure +35.2
bearing weight without crutches 6wk +8.3
8wk -9.1
12wk -34.4
Postrecovery activity restrictions No restrictions, even running and jumping allowed +34.8
Moderate activity allowed, excluding running and jumping +0.1
Only low-impact activities allowed -34.8
Time before resuming daily activities 1-2mo +31.9
3-4mo +1.9
5-6mo -33.8
Limits or complicates any future treatment Allows all future knee surgical options +26.6
needs on the knee Allows for limited future knee surgical options (with bone cuts -3.1
and partial bone removal) -23.6
Allows for only end-stage knee surgical options (with bone cuts
and extensive bone removal)
Length of hospital stay required None, outpatient procedure +24.9
1 night stay typical +1.7
2 night stay typical -26.5

a“Minor pain” defined as a score of <3 on a 0 to 10 scale.
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Table 5. Simulated responses for preference of a surgical option over a no-procedure alternative (% of respondents).

BASE KINESPRING \[e] HTO NO UKA NO NO
SYSTEM PROCEDURE PROCEDURE PROCEDURE PROCEDURE

Total 32.5 67.5 5.9 941 74 92.9 5.3 94.7
Gender

Male 32.7 67.3 5.2 94.8 6.6 93.4 4.7 95.3

Female 321 67.9 71 92.9 8.0 92.0 6.3 93.7
Age,y

25-49 46.8 53.2 12.8 87.2 12.8 87.2 10.6 89.4

50-59 34.3 65.7 6.7 93.3 6.7 93.3 4.8 95.2

>60 275 72.5 3.5 96.5 5.8 94.2 41 95.9
Level of pain

Low 221 77.9 0.7 99.3 0.7 99.3 0.0 100.0

Moderate 36.0 64.0 6.1 93.9 8.8 91.2 5.3 94.7

High 47.8 52.2 15.9 841 17.4 82.6 15.9 841
Impact on daily function

Low 15.2 84.8 2.2 97.8 11 98.9 0.0 100.0

Moderate 35.6 64.4 3.0 97.0 4.0 96.0 1.0 99.0

High 42.3 57.7 10.8 89.2 13.8 86.2 12.3 87.7

Abbreviations: HTO, high tibial osteotomy; TKA, total knee arthroplasty; UKA, unicompartmental knee arthroplasty.

who consulted with an orthopedic surgeon. In this study, just
58.9% of the sample spoke with an orthopedic surgeon about
their knee, and our analysis does not reveal how this may have
influenced patient responses. Although most of the partici-
pants (96.9%) had some form of medical insurance, we did not
factor in any items related to the cost of these procedures and it
is unclear how important price differences between these treat-
ments would be among this population. The survey was
Internet based, which can create a bias against computer-
illiterate participants®® and may exclude a subset of relevant
patients from the study. There was an unequal distribution of
men and women in the sample, but this potential bias is miti-
gated because the responses of both sexes resulted in similar
preferences in surgical treatment characteristics and in overall
treatment preference (Supplements 2 and 3). Also, hypotheti-
cal choices among different devices do not have the same clini-
cal and emotional consequences as actual choices.’13 To reduce
the potential for this hypothetical bias, we first obtained judg-
ments from patients about which combination of possible
attributes was more preferable, which were then used to elicit
stated choices between procedure and no-procedure alterna-
tives. Another limitation is that the results of such a study are
dependent on the type of questions included in the survey,
which may introduce a form of response bias; however, in this
study, the questions were selected based on the input and
review of a practicing orthopedic surgeon, although the lack of

patient involvement may be considered another weakness of
this study. Using a survey design meant that respondents had to
self-report that they were diagnosed with knee OA, although
there is evidence that suggests that self-reporting is comparable
with what is reported in patient medical records.?! Finally, this
type of experiment only reveals how respondents weigh the
importance of a given characteristic relative to the other char-
acteristics included in the survey instrument; therefore, these
results can only be generalized to the attributes and levels that
were included in this study.’” In terms of study strengths, we
surveyed a large sample of patients with the condition of inter-
est. We also included individuals across a wide age range to
help ensure that we captured the responses of patients with
knee OA of all age groups and allow us to compare results
between these age groups. Finally, we required that respond-
ents met minimum levels and frequencies of knee pain, increas-
ing the likelihood that the patient would realistically consider a
surgical procedure.

As the condition is progressive, patients with knee OA are
aware that arthroplasty is an inevitable long-term out-
come®39#M42 therefore, as the severity of their symptoms
worsens, they may alter their opinions of or reassess the bene-
fits and risks of undergoing surgery. Another important con-
sideration when evaluating patients for treatment is that the
level of pain does not always correlate with the structural sever-
ity of OA. In other words, patients with early structural changes
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Table 6. Sensitivity analysis.

PROCEDURE PROFILES

ATTRIBUTE

KINESPRING SYSTEM

How much cutting and removal of

existing bone is required
Maintains natural knee motion
Limits or complicates any future
treatment needs on the knee
Length of hospital stay required
Recovery time needed before
standing, bearing weight without

crutches

Time before resuming daily
activities
Amount of pain reliefa

Postrecovery activity restrictions

Chance of additional surgery

2 leg bones cut with partial bone
removal

Yesb

Allows for limited future knee
surgical options (with bone cuts
and partial bone removal)

1 night stay typical

Immediately after procedure

1-2mo

5% experience some minor pain®

Moderate activity allowed,
excluding running and jumpingP

5% require surgical removal of
original implant and progression
to surgery with bone cuts and
extensive bone removal within 2y

2 leg bones cut with extensive
bone removal

YesP

Allows for only end-stage knee
surgical options (with bone cuts
and extensive bone removal)

1 night stay typical

Immediately after procedure

1-2mo

5% experience some minor pain®

Moderate activity allowed,
excluding running and jumpingP

5% require surgical removal of
original implant and progression
to surgery with bone cuts and
extensive bone removal within 2y

None

Yes

Allows all future knee
surgical options

None, outpatient procedure

Immediately after procedure

1-2mo

30% experience some minor
pain

No restrictions, even
running and jumping
allowed

25% require surgical
removal of original implant
within 2y

RESULTS (% OF RESPONDENTS)

BASE NO PROCEDURE KINESPRING SYSTEM
Total 65.3 5.3 0.0 29.4
Gender

Male 67.3 3.3 0.0 29.4

Female 61.6 8.9 0.0 29.5
Age, y

25-49 53.2 21 0.0 447

50-59 63.8 4.8 0.0 31.4

260 69.6 6.4 0.0 24.0
Level of pain

Low 75.7 3.6 0.0 20.7

Moderate 62.3 6.1 0.0 31.6

High 49.3 7.2 0.0 43.5
Impact on daily function

Low 82.6 3.3 0.0 14.1

Moderate 62.4 5.0 0.0 32.7

High 55.4 6.9 0.0 37.7

Abbreviations: TKA, total knee arthroplasty; UKA, unicompartmental knee arthroplasty.
a“Minor pain” defined as a score of <3 on a 0 to 10 scale.
bAlternate assumption used in sensitivity analysis.
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can have symptoms just as bad as those with end-stage OA and
may elect to undergo arthroplasty for symptomatic relief.*3
This highlights the importance of discovering novel technolo-
gies that result in more optimal outcomes for this subset of
patients with knee OA.

Conclusions

Stated patient preferences suggested that patients with knee
OA, particularly younger patients with higher levels of pain
and functional restrictions, would prefer a surgery that does not
require bone cutting or removal. Not surprisingly, a model
incorporating patient-preference data predicted a greater desir-
ability for a treatment option (KineSpring System) that does
not require bone cutting or removal.

Author Contributions

CTM, TK, and JS conceived and designed the experiments.
TK and JS analyzed the data. CV wrote the first draft of the
manuscript. CTM, TK, JS, and CV contributed to the writing
of the manuscript, agree with manuscript results and conclu-
sions, jointly developed the structure and arguments for the
paper, made critical revisions and approved final version,
reviewed, and approved the final manuscript.

REFERENCES

1. National Institute for Health and Care Excellence (NICE). Osteoarthritis: Care
and Management. London, England: NICE; 2014.

2. Altman RD, Bedi A, Karlsson ], Sancheti P, Schemitsch E. Product differences
in intra-articular hyaluronic acids for osteoarthritis of the knee. Am J Sports Med.
2015;17:17.

3. Clifford A, O’Connell M, Gabriel S, Miller LE, Block JE. The KineSpring load
absorber implant: rationale, design and biomechanical characterization. J Med
Eng Technol. 2011;35:65-71.

4. Jevsevar D, Donnelly P, Brown GA, Cummins DS. Viscosupplementation for
osteoarthritis of the knee: a systematic review of the evidence. J Bone Joint Surg
Am. 2015;97:2047-2060.

5. Trojian TH, Concoff AL, Joy SM, Hatzenbuehler JR, Saulsberry W], Coleman
CI. AMSSM scientific statement concerning viscosupplementation injections
for knee osteoarthritis: importance for individual patient outcomes. Clin J Sport
Med. 2016;26:1-11.

6. Gabriel SM, Clifford AG, Maloney W], O’Connell MK, Tornetta P III.
Unloading the osteoarthritic knee with a novel implant system. J App! Biomech.
2013;29:647-654.

7. Hayes DA, Waller CS, Li CS, Vannabouathong C, Sprague S, Bhandari M.
Safety and feasibility of a KineSpring knee system for the treatment of osteoar-
thritis: a case series. Clin Med Insights Arthritis Musculoskelet Disord.
2015;8:47-54.

8. Madonna V, Condello V, Piovan G, Screpis D, Zorzi C. Use of the KineSpring
system in the treatment of medial knee osteoarthritis: preliminary results. Joinss.
2015;3:129-135.

9. Li CS, Seeger T, Auhuber TC, Bhandari M. Cost-effectiveness and economic
impact of the KineSpring® knee implant system in the treatment for knee osteo-
arthritis. Knee Surg Sports Traumatol Arthrosc. 2013;21:2629-2637.

10. London NJ, Smith J, Miller LE, Block JE. Midterm outcomes and predictors of
clinical success with the KineSpring knee implant system. Clin Med Insights
Arthritis Musculoskelet Disord. 2013;6:19-28.

11. The U.S. Food and Drug Administration (FDA). Patient Preference
Information—Voluntary ~ Submission, Review in Premarket Approval
Applications, Humanitarian Device Exemption Applications, and De Novo
Requests, and Inclusion in Decision Summaries and Device Labeling; Guidance
for Industry, Food and Drug Administration Staff, and Other Stakeholders.
2016.

12. HoM, Saha A, McCleary KK, et al. A framework for incorporating patient pref-
erences regarding benefits and risks into regulatory assessment of medical
technologies. Value Health. 2016;19:746-750.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Ho MP, Gonzalez JM, Lerner HP, et al. Incorporating patient-preference evi-
dence into regulatory decision making. Surg Endosc. 2015;29:2984-2993.
Bridges JF, Hauber AB, Marshall D, etal. Conjoint analysis applications in
health—a checklist: a report of the ISPOR Good Research Practices for Conjoint
Analysis Task Force. Value Health. 2011;14:403—-413.

Johnson FR, Hauber B, Ozdemir S, Siegel CA, Hass S, Sands BE. Are gastroen-
terologists less tolerant of treatment risks than patients? Benefit-risk preferences
in Crohn’s disease management. / Manag Care Pharm. 2010;16:616-628.

Centers for Disease Control and Prevention (CDC). Osteoarthritis (OA). http://
www.cde.gov/arthritis/basics/osteoarthritis.htm. Published 2015. Accessed
November 2016.

Losina E, Weinstein AM, Reichmann WM, et al. Lifetime risk and age at diag-
nosis of symptomatic knee osteoarthritis in the US. Arzhritis Care Res.
2013;65:703-711.

The CBC/HB System for Hierachical Bayes Estimation Version 5.0. Sawtooth
Software: Technical Paper Series. https://www.sawtoothsoftware.com/support/
technical-papers. Published 2009. Accessed 5 September 2017.

Fraenkel L, Suter L, Cunningham CE, Hawker G. Understanding preferences
for disease-modifying drugs in Arthritis  Care  Res.
2014;66:1186-1192.

Chrzan K. Choice experiments for pharmaceutical market research. Sawtooth
Software: Research Paper Series. https://www.sawtoothsoftware.com/support/
technical-papers. Published 2015. Accessed 5 September 2017.

Posnett J, Dixit S, Oppenheimer B, Kili S, Mehin N. Patient preference and
willingness to pay for knee osteoarthritis treatments. Patient Prefer Adber.
2015;9:733-744.

Weernink MG, Groothuis-Oudshoorn CG, IJzerman M]J, van Til JA. Valuing
treatments for Parkinson disease incorporating process utility: performance of
best-worst scaling, time trade-off, and visual analogue scales. Value Health.
2016;19:226-232.

Bonnin MP, Laurent JR, Zadegan F, Badet R, Pooler Archbold HA, Servien E.
Can patients really participate in sport after high tibial osteotomy? Knee Surg
Sports Traumatol Arthrosc. 2013;21:64-73.

Foran JRH, Fischer S. Total knee replacement. http://orthoinfo.aaos.org/topic.
cfm?topic=a00389. Published 2015. Accessed November 2016.

Foran JRH, Fischer S. Unicompartmental knee replacement. http://orthoinfo.
aaos.org/topic.cfm?topic=A00585. Published 2016. Accessed November 2016.
Foran JRH, Fischer SJ. Osteotomy of the knee. http://orthoinfo.aaos.org/topic.
cfm?topic=A00591. Published 2017. Accessed November 2016.

Getgood A, Collins B, Slynarski K, et al. Short-term safety and efficacy of a
novel high tibial osteotomy system: a case controlled study. Knee Surg Sports
Traumatol Arthrosc. 2013;21:260-269.

Meehan JP, Danielsen B, Kim SH, Jamali AA, White RH. Younger age is asso-
ciated with a higher risk of early periprosthetic joint infection and aseptic
mechanical failure after total knee arthroplasty. J Bone Joint Surg Am.
2014;96:529-535.

Mochizuki T, Sato T, Blaha JD, et al. Kinematics of the knee after unicompartmen-
tal arthroplasty is not the same as normal and is similar to the kinematics of the knee
with osteoarthritis. Knee Surg Sports Traumatol Arthrosc. 2014;22:1911-1917.

Osti M, Gohm A, Schlick B, Benedetto KP. Complication rate following high
tibial open-wedge osteotomy with spacer plates for incipient osteoarthritis of the
knee with varus malalignment. Knee Surg Sports Traumatol Arthrosc.
2015;23:1943-1948.

Parvizi ], Nunley RM, Berend KR, etal. High level of residual symptoms in
young patients after total knee arthroplasty. Clin Orthop Relat Res.
2014;472:133-137.

Schroter S, Mueller J, van Heerwaarden R, Lobenhoffer P, Stockle U, Albrecht
D. Return to work and clinical outcome after open wedge HTO. Knee Surg Sports
Traumatol Arthrosc. 2013;21:213-219.

Styron JF, Barsoum WK, Smyth KA, Singer ME. Preoperative predictors of re-
turning to work following primary total knee arthroplasty. J Bone Joint Surg Am.
2011;93:2-10.

Bozic KJ, Chiu V, Slover JD, Immerman I, Kahn JG. Patient preferences and
willingness to pay for arthroplasty surgery in patients with osteoarthritis of the
hip. J Arthroplasty. 2012;27:503-506.¢502.

Sutton PM, Holloway ES. The young osteoarthritic knee: dilemmas in manage-
ment. BMC Med. 2013;11:14.

Laba TL, Brien JA, Fransen M, Jan S. Patient preferences for adherence to treat-
ment for osteoarthritis: the MEdication Decisions in Osteoarthritis Study
(MEDOS). BMC Musculoskelet Di. 2013;14:160.

Niinimaki TT, Murray DW, Partanen J, Pajala A, Leppilahti JI.
Unicompartmental knee arthroplasties implanted for osteoarthritis with partial
loss of joint space have high re-operation rates. Knee. 2011;18:432-435.
Escalante A, Espinosa-Morales R, del Rincon I, Arroyo RA, Older SA.
Recipients of hip replacement for arthritis are less likely to be Hispanic, indepen-
dent of access to health care and socioeconomic status. Arthritis Rheum.
2000;43:390-399.

osteoarthritis.


http://www.cdc.gov/arthritis/basics/osteoarthritis.htm
http://www.cdc.gov/arthritis/basics/osteoarthritis.htm
https://www.sawtoothsoftware.com/support/technical-papers
https://www.sawtoothsoftware.com/support/technical-papers
https://www.sawtoothsoftware.com/support/technical-papers
https://www.sawtoothsoftware.com/support/technical-papers
http://orthoinfo.aaos.org/topic.cfm?topic=a00389
http://orthoinfo.aaos.org/topic.cfm?topic=a00389
http://orthoinfo.aaos.org/topic.cfm?topic=A00585
http://orthoinfo.aaos.org/topic.cfm?topic=A00585
http://orthoinfo.aaos.org/topic.cfm?topic=A00591
http://orthoinfo.aaos.org/topic.cfm?topic=A00591

12

Clinical Medicine Insights: Case Reports

39.

40.

41.

Kwoh CK, Vina ER, Cloonan YK, Hannon MJ, Boudreau RM, Ibrahim SA.
Determinants of patient preferences for total knee replacement: African-
Americans and whites. Arthritis Res Ther. 2015;17:348.

Oishi CS, Hoaglund FT, Gordon L, Ross PD. Total hip replacement rates are high-
er among Caucasians than Asians in Hawaii. Clin Orthop Relat Res. 1998:166-174.
Vina ER, Ran D, Ashbeck EL, et al. Patient preferences for total knee replace-
ment surgery: relationship to clinical outcomes and stability of patient preferences
over 2years. Semin Arthritis Rheu. 2016;46:27-33.

42.

43.

Rongen JJ, Rovers MM, van Tienen TG, Buma P, Hannink G. Increased risk for
knee replacement surgery after arthroscopic surgery for degenerative meniscal
tears: a multi-center longitudinal observational study using data from the osteo-
arthritis initiative. Osteoarthr Cartilage. 2017;25:23-29.

Jones LD, Bottomley N, Harris K, Jackson W, Price AJ, Beard D]J. The clinical
symptom profile of early radiographic knee arthritis: a pain and function com-
parison with advanced disease. Knee Surg Sports Traumatol Arthrosc.

2016;24:161-168.



