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Abstract

IMPORTANCE—BIack patients with advanced osteoarthritis (OA) of the knee are significantly
less likely than white patients to undergo surgery. No strategies have been proved to improve
access to surgery for black patients with end-stage OA of the knee.

OBJECTIVE—To assess whether a decision aid improves access to total knee replacement
(TKR) surgery for black patients with OA of the knee.

DESIGN, SETTING, AND PARTICIPANTS—In a randomized clinical trial, 336 eligible
participants who self-identified as black and 50 years or older with chronic and frequent knee pain,
a Western Ontario McMaster Universities Osteoarthritis Index score of at least 39, and
radiographic evidence of OA of the knee were recruited from December 1, 2010, to May 31, 2014,
at 3 medical centers. Exclusion criteria were history of major joint replacement, terminal illness,
inflammatory arthritis, prosthetic leg, cognitive impairment, lack of a telephone, or
contraindications to elective replacement surgery. Data were analyzed on a per-protocol and
intention-to-treat (ITT) basis.
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EXPOSURE—ACccess to a decision aid for OA of the knee, a 40-minute video that describes the
risks and benefits of TKR surgery.

MAIN OUTCOMES AND MEASURES—Receipt of TKR surgery within 12 months and/or a
recommendation for TKR surgery from an orthopedic surgeon within 6 months after the
intervention.

RESULTS—Among 336 patients (101 men [30.1%]; 235 women [69.9%]; mean [SD] age, 59.1
[7.2] years) randomized to the intervention or control group, 13 of 168 controls (7.7%) and 25 of
168 intervention patients (14.9%) underwent TKR within 12 months (P=.04). These changes
represent a 70% increase in the TKR rate, which increased by 86%(11 of 154 [7.1%] vs 23 of 150
[15.3%]; £=.02) in the per-protocol sample. Twenty-six controls (15.5%) and 34 intervention
patients (20.2%) in the ITT analysis received a recommendation for surgery within 6 months (P=.
25). The difference in the surgery recommendation rate between the controls (24 of 154 [15.6%])
and the intervention group (31 of 150 [20.7%]) in the per-protocol analysis also was not
statistically significant (P=.25). Adjustment for study site yielded similar results: for receipt of
TKR at 12 months, adjusted ORs were 2.10 (95%Cl, 1.04-4.27) for the ITT analysis and 2.39
(95%Cl, 1.12-5.10) for the per-protocol analysis; for recommendation of TKR at 6 months, 1.39
(95%Cl, 0.79-2.44) and 1.41 (95%Cl, 0.78-2.55).

CONCLUSIONS AND RELEVANCE—A decision aid increased rates of TKR among black
patients. However, rates of recommendation for surgery did not differ significantly. A patient-
centered counseling and educational intervention may help to address racial variations in the use
of TKR for the management of end-stage OA of the knee.

TRIAL REGISTRATION—<clinicaltrials.gov Identifer: NCT01851785

Osteoarthritis (OA), which increases in prevalence with aging, is a leading cause of
limitations in activity and work in the United States?; these limitations as well as the burden
of severe pain disproportionately affect black patients.2 The prevalence of OA among older
black individuals is at least as high as that reported for white individuals,3# and OA is
among the leading causes of disability, particularly for the elderly, in the United States.513
Total knee replacement (TKR) is the most effective and cost-effective surgical option for
moderate to severe OA of the knee.14 However, a significant racial variation in the use of
TKR exists. Black patients are less likely to undergo TKR compared with white
patients11:15-17 despite the fact that black patients have similar prevalence or severity of OA
of the knee, 1819 report a lower quality of life,2% and have higher odds of disability?! due to
OA.

Black candidates for joint replacement differ in their preferences for treatment, which are
primarily shaped by differences in understanding of treatment risks and benefits.22Lower
patient preference for the treatment reduces patient likelihood of receiving a
recommendation for joint replacement from an orthopedic surgeon, even when clinically
indicated.23 Furthermore, a patient-centered educational intervention using a decision aid for
OA of the knee significantly increases black patients” knowledge about TKR and
consequently improves their willingness to undergo the treatment if clinically indicated and
recommended by a physician.24 Whether a decision aid actually improves receipt of joint
replacement and/or a recommendation for surgery from an orthopedic surgeon remains
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unclear. Therefore, in this randomized clinical trial, we tested whether a decision aid for OA
of the knee, a source of evidence-based information about the management of knee OA,
actually improves access to the surgery for black patients who are referred to orthopedic
surgery and are clinically appropriate candidates for TKR.

Design Overview

The study methods and recruitment process were described previously.2> In brief, this
randomized clinical trial compared the effects of a decision aid for OA of the knee
(intervention) with receipt of an OA education booklet (control condition) in persons with
moderate-to-severe OA of the knee. Participants were randomized at baseline to the
intervention or the control group (Figure 1). The study protocols (available in the
Supplement)were approved by the institutional review boards of the University of
Pennsylvania, Philadelphia, Temple University Health System, Philadelphia, and the
Philadelphia Veterans Affairs Medical Center. All participants provided written informed
consent before the study and were compensated for their time and participation.

Setting and Participants

Participants were recruited from December 1, 2010, to May 31, 2014. Potentially eligible
participants were identified by screening the electronic medical records of patients referred
to the orthopedic surgery clinic at any of the 3 study sites. All identified persons underwent
assessment for study eligibility by telephone interview. Eligible participants were those who
self-identified as black, were 50 years or older, had chronic and frequent knee pain based on
the National Health and Nutrition Examination Survey questionnaire,?® had a Western
Ontario McMaster Universities Osteoarthritis Index (WOMAC) score?” of at least 39 (range,
0-100, with higher scores indicating increased pain, stiffness, and functional limitations),
and had radiographic evidence of OA of the knee. Exclusion criteria consisted of a history of
major joint replacement, diagnosis of a terminal illness (eg, end-stage cancer), physician
diagnosis of inflammatory arthritis (ie, rheumatoid arthritis, connective tissue disease,
ankylosing spondylitis, or other seronegative spondyloarthropathy), contraindications to
replacement surgery (eg, lower extremity paralysis as a result of stroke), having a prosthetic
leg, cognitive impairment (eg, dementia), and not having home telephone service.

Randomization and Intervention

Participants were randomized to one of the 2 study arms using a computer-generated
assignment. The computer-generated randomization result was sent to the study coordinator
via email before the scheduled intervention session. Owing to the nature of the intervention,
participants could not have been blinded to the study arm to which they were randomized.
The orthopedic surgeons were blinded to patient randomization.

Control Group—-Participants randomly assigned to the control group received an

educational booklet developed by the National Institute of Arthritis and Musculoskeletal and
Skin Diseases?8 that summarizes how to live with knee OA but does not mention joint

JAMA Surg. Author manuscript; available in PMC 2017 December 12.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ibrahim et al.

Page 4

replacement. The purpose of the booklet was to offer patients some benefit in participating
in the study.

Intervention Group—This study used the patient decision aid for OA of the knee
developed by the Foundation for Informed Medical Decision Making as a vehicle to deliver
high-quality, relevant, and timely information on knee OA and joint replacement. The
decision aid consists of a 40-minute video that discusses treatment options, including
lifestyle changes, medications, injections, complementary therapy, and surgery. The risks,
benefits, and known efficacy of each treatment option are outlined. Clinical indications,
operative duration, hospital duration, the need for rehabilitative care and physical therapy,
recovery time and effort, and cost are also covered. The risks of knee replacement surgery,
including death, how long a single prosthesis lasts, and consideration of whether to have
both knees replaced at the same time or one at a time are discussed.

Outcome Measures

Covariates

The clinical outcome of interest was receipt of TKR within 12 months after viewing the
video and/or receipt of a recommendation for surgery from an orthopedic surgeon within 6
months of viewing the video. Research staff who were not involved in the intervention and
were blinded to the study arm abstracted this information from the medical record.

At baseline, participants were asked about their willingness to undergo TKR if
recommended by the surgeon. Response options ranged from definitely not willing to
definitely willing in a 5-category ordinal response scale. Sociodemographic characteristics,
including age, sex, educational attainment, employment status, annual household income,
marital status, and living situation, were also assessed at baseline. Severity of knee OA was
assessed using the WOMAC index.2” Two subscales of the Arthritis Self-efficacy Scale were
also reported.2? The pain subscale measures patients’ confidence that they can manage
arthritis-related pain (range, 5-50, with higher scores indicating more confidence), and the
function subscale measures patients’ confidence that they can perform specific daily
activities (range, 9-90,with higher scores indicating more confidence). Medical comorbidity
was assessed using an interviewer-based modification of the Charlson Comorbidity Index
(range, 0-17, with higher scores indicating greater comorbidities).3%:31 Overall quality of
life was assessed using the 12-1temShort Form Health Survey, version 2, from which the
physical and mental component summary scores were calculated (range, 12-61 for the
physical and 22-70 for the mental components, with higher scores indicating better physical
and mental health).32

Statistical Analysis

Analyses were performed on a per-protocol basis, including patients who actually received
the intervention, and an intention to-treat (ITT) basis, in which all randomized participants,
whether or not they viewed the decision aid video for knee OA. Demographic and clinical
characteristics were compared by intervention vs control groups using 2-tailed ¢tests for
continuous variables and x 2 for categorical variables.
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In our primary analysis, the clinical outcome of interest was the recommendation for TKR
by an orthopedic surgeon at 6 months after the intervention and/or receipt of TKR surgery at
12 months after the intervention. This information was assessed separately, comparing the
intervention and the control arms. Because of our ability to extract data for clinical outcome
using the electronic medical record, we had complete data for all study participants
regardless of whether they received the intended intervention.

Because the study participants were recruited from 3 different hospital systems in
Philadelphia, we used logistic regression analysis to examine the effect of the intervention
on a recommendation for TKR within 6months or receipt of TKR within 12 months. We first
estimated the unadjusted (crude) odds ratio (OR) for each outcome. We then added into the
model the site of care as a covariate. We reported results from both analyses.

Finally, we conducted additional exploratory analyses to assess whether particular subgroups
of patients might benefit from the intervention to a greater degree than others. We postulated
that patients might derive more or less benefit from the intervention based on sex, age,
patient willingness at baseline, and disease-severity level. Accordingly, we used logistic
regression models to evaluate the association between each of these patient variables and the
2 study outcomes separately to compare the intervention and control groups with site of care
as an additional covariate. We included an interaction term for each variable with the
treatment group to test for evidence of effect modification by each of the variables of
interest. We report the Pvalue for the interaction term, along with ORs and 95%Cls
estimated within levels of each covariate. In formal tests for interaction, continuous variables
were used whenever possible. Statistical significance was set with an a level of .05. All
analyses were performed using SAS software (version 9.4; SAS Institute Inc).

Participants and Baseline Characteristics

A total of 2194 individuals underwent assessment for the study (Figure 1). Of these, 1542
persons declined or were unable to be contacted for full screening, and 652 underwent full
screening for the study. Of these, 312 individuals were ineligible. The remaining 340
participants consented to the study and underwent baseline (prerandomization) assessments
of clinical and demographic characteristics as fully eligible. Four participants withdrew from
the study after baseline assessments. Of the remaining 336 participants (101 men [30.1%];
235women [69.9%]; mean [SD] age, 59.1 [7.2] years), 168 were randomized to the
intervention (decision aid) arm and 168 to the control arm. Among those randomized to the
intervention arm, 150 completed the intervention entirely. The rest did not receive the video
intervention. Of those assigned to the control arm, 14 were unavailable for telephone follow-
up. However, information on key clinical outcomes for all participants was abstracted from
the medical record for full analysis (CONSORT diagram in Figure 1). Baseline participant
clinical and demographic characteristics are summarized in the Table. Overall, we found no
statistically significant differences in demographic or clinical characteristics between the
intervention and control arms.
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Primary Outcomes

In the ITT analysis, 13 of 168 controls (7.7%) and 25 of 168 intervention patients (14.9%)
underwent TKR within 12 months of the intervention (P = .04). This result represents a 70%
increase in the receipt of TKR for the intervention group. For the per-protocol sample,
receipt of surgery increased by 86% (11 of 154 [7.1%] vs 23 of 150 [15.3%]; P=.02).
Twenty-six of the controls (15.5%) and 34 of the intervention patients (20.2%) in the ITT
analysis received a recommendation for surgery within 6 months of intervention. However,
this difference (30%) did not achieve statistical significance (£ =.25). The numbers were
very similar when we confined the analysis to the per-protocol sample (24 of 154 controls
[15.6%] and 31 of 150 intervention patients [20.7%]; P = .25) (Figure 2). Although we did
not assess the recommendation for surgery at 12 months, typically patients do not undergo
surgery without first receiving a recommendation for surgery from an orthopedic surgeon.

Effects of Study Site

Because the study participants were recruited from 3 different hospital systems in
Philadelphia, we examined whether the site of care was related to the effect of the
intervention on the recommendation for TKR within 6 months or receipt of TKR within 12
months. We calculated the site-adjusted ORs comparing study arms for the ITT and per-
protocol analyses. After adjustment for study site, study findings were essentially identical
and we report only results of the site-adjusted analyses. For receipt of TKR at 12 months,
the adjusted ORs were 2.10 (95%ClI, 1.04-4.27) for the ITT analysis and 2.39 (95%Cl,
1.12-5.10) for the per-protocol analysis. For recommendation of TKR at 6months, the
adjusted ORs were 1.39 (95%Cl, 0.79-2.44) and 1.41 (95% ClI, 0.78-2.55) (Figure 3).

Subgroup Analysis

For patients who showed a statistically significant increase in the receipt of TKR, we
conducted additional exploratory analyses to assess whether particular subgroups of patients
might benefit from the intervention to a greater degree than others. The effect of the decision
aid intervention on TKR at 12 months was similar among the subgroups(Figure 4).However,
the intervention tended to be more effective than the control treatment for patients aged 50 to
55 years (OR,4.17;95%Cl,1.13-19.65), patients who were willing to undergo surgery at
baseline (OR, 2.40; 95% Cl, 1.14-5.02), and women (OR, 2.54; 95%Cl, 1.03-6.20).

Discussion

In this sample of black patients who were referred to an orthopedic clinic for knee OA, our
randomized clinical trial tested the effectiveness of a decision aid for OA of the knee on
patients’ likelihood of undergoing TKR and/or receiving a recommendation for surgery from
an orthopedic surgeon. We found that the decision aid resulted in an 85% increase in the
receipt of TKR within 12 months among those who received the intervention compared with
controls. The decision aid also increased by about 30% the receipt of a recommendation
from an orthopedic surgeon within 6 months of the intervention. However, this association
did not achieve statistical significance (P=.25). Finally, we found that the intervention was
more likely to lead to surgery among those who at baseline were willing compared with
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those who were unwilling, for women compared with men, and for patients aged 50 to 55
years compared with older patients.

Disparities in TKR represent one of many types of racial and ethnic disparities that exist
across various health care conditions and settings.33-40 The reasons for these disparities are
complex and involve patient-level, physician-level, and system-level factors. One potential
etiologic mechanism for disparities in elective treatment such as TKR is patient preference,
an attitudinal disposition that is amenable to educational intervention.*! Patient preference
has been reported to vary by race and ethnicity and to influence use of medical care.#244
Black patients are less willing to consider joint replacement in general.*>~47 In a study that
examined willingness to pay for TKR among a sample of patients, black and white
participants differed significantly in their willingness to pay for TKR, even after adjusting
for age, income, educational level, and other factors.#8

Although decision aids are used in clinical decision making and are increasingly available
for patients’ education, their use to reshape patient preference and to empower patients,
particularly minority patients in their pursuit of clinical care, is novel and innovative.
Decision aids are conceptually framed by decision theories and cognitive behavioral
theories*® and are designed as counseling tools, particularly for preference-sensitive medical
conditions or treatments such as TKR. Decision aids provide high-quality information on
treatment options while also clarifying the outcomes of treatment choice. In this way, they
empower patients and facilitate communication and decision making. Decision aids are
associated with increased patient knowledge, more realistic patient perceptions about the
disease or treatment, less decisional conflict, fewer patients who are passive decision
makers, fewer patients who remain indecisive after counseling, and improved concordance
between patient values and treatment choices.>9 The National Quality Forum cited shared
decision making, which decision aids promote, as one of the 6 health care reforms with the
greatest potential to reduce disparities.>! We used the decision aid in this study as a means to
deliver high-quality, relevant, and timely information on OA of the knee and TKR.

In contrast to our findings, other studies have examined the use of decision aids as decision
tools and found them to be associated with less use of elective invasive surgery such as joint
replacement. For example, Arterburn et al®2 published the findings of an observational study
that showed decision aids to be associated with reduced use of joint replacement. Similarly,
in a Cochrane review, Stacey et al®3 reviewed studies involving the use of decision aids.
They found decision aids to be associated with key patient outcomes, such as patient
satisfaction with the treatment decision and reduced decisional conflict. In approximately a
dozen of those studies, patients were also found to favor conservative treatment compared
with major invasive surgery.230ur study differs from those studies in that we focused on
black patients, who are traditionally skeptical about the use of joint replacement in the
management of advanced OA of the knee and hip. The effect of the decision aid on patient
access to elective surgery may vary according to where patients are along the treatment
preference continuum. The review by Stacey et al®3 indicated that patients with high
preference for surgery at baseline might be nudged by the decision aid toward a lower
preference for invasive surgery. However, patients who at baseline hold low preference for
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surgery may be more likely to be moved by the decision aid toward a higher level of
preference and possibly higher rates of surgery.

One question that our study did not address directly is the mechanism by which the decision
aid intervention leads to a higher rate of TKR. However, black patients who are candidates
for TKR differ in their preferences for joint replacement, which are primarily shaped by
differences in knowledge and understanding about the risks and benefits of the
treatment.2246 Furthermore, physician-patient communication for preference-sensitive
treatments such as joint replacement is bidirectional, and the content of the communication
and decisions are influenced by the patient’s baseline knowledge and ability to engage in the
discussion. Evidence suggests that baseline differences in preference, knowledge, or
expectations regarding joint replacement affect the quality of communication between black
patients and orthopedic surgeons and consequently reduce black patients’ likelihood of
receiving a recommendation for joint replacement.54:55

Limitations

Several limitations should be considered in interpreting our results. First, we did not evaluate
the nonsurgical treatments our study participants may have received. Various nonsurgical
treatment options exist for patients with OA of the knee, including viscosupplementation,
intra-articular corticosteroid injections, and medication therapy with various analgesics.>®
Proportions of patients using these OA treatments might have differed by study group at
baseline and at any time before the 1-year follow-up, potentially confounding the effects of
the intervention on patient treatment preferences. Second, we followed up patients for only
12 months. Given the long-term trajectory of OA of the kneg, a longer follow-up may have
resulted in a higher rate of surgery among those who received the intervention. Finally, our
intervention was brief and occurred only once. A more frequent intervention and better
access to a decision aid for patients would result in an even greater likelihood of receiving
TKR among those for whom the treatment is clinically appropriate.

Conclusions

In this randomized clinical study of black patients who were referred to orthopedic surgery
for OA of the knee, we found that a knee decision aid significantly increased the receipt of
TKR within 12 months by 85% compared with those who received the educational
pamphlet. The decision aid also increased the likelihood of receiving a recommendation for
TKR from an orthopedic surgeon within 6 months of the intervention by 30%. However, this
association did not achieve statistical significance. Although the interactions between the
study group and the subgroups were not statistically significant, the findings for younger
patients, women, and those willing at baseline to benefit more from the decision aid
intervention are potentially interesting areas for future investigation. Finally, future research
may be needed to also explain the mechanism by which the decision aid actually leads to
greater uptake of surgery among black patients and whether this method could be used to
address other treatment disparities.
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Key Points
Question

Does patient education with a decision aid improve access to total knee replacement
surgery for black patients with end-stage osteoarthritis of the knee?
Findings

In this randomized clinical trial of 336 individuals, a patient-centered educational
intervention using validated decision aid significantly increased receipt of total knee
replacement surgery for black patients with end-stage osteoarthritis of the knee.

Meaning

Patient-centered educational tools such as decision aids might help reduce racial
disparities in access to preference-sensitive surgical treatments such as total knee
replacement.
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review for the study

b/

1542 Declined or unable
to be contacted

652 Underwent full screening
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or unavailable to
complete study
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= .
gRandomized >
... 220000 __d

A

_—

~

~~

168 Randomized to control

{

A\

168 Randomized to intervention
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154 Included in the per-protocol
analysis
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Figure 1. CONSORT Diagram

The control condition consisted of a booklet about osteoarthritis (OA) of the knee; the

intervention, a video examining all treatment options for OA of the knee. ITT indicates

intention to treat.
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Figure 2. Observed Proportionsfor Study Outcomes
Data depict the patients in each study arm who received total knee replacement (TKR)

surgery within 12 months or a recommendation for TKR surgery within 6 months. The
control condition consisted of a booklet about osteoarthritis (OA) of the knee; the
intervention, a video examining all treatment options for OA of the knee. ITT indicates
intention to treat.
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Figure 3. Study Outcomes

Site-adjusted odds ratios (ORs) compare the intervention and control arms for study
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outcomes.The control condition consisted of a booklet about osteoarthritis (OA) of the knee;
the intervention, a video examining all treatment options for OA of the knee. TKR indicates

total knee replacement.
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Figure 4. Subgroup Analysis of Total Knee Replacement at 12 Months
Odds ratios (ORs) are shown for the intervention vs control groups at each level of age, sex,

Western Ontario McMaster Universities Osteoarthritis Index (WOMAC) score (range, 0—
100, with higher scores indicating increased pain, stiffness, and functional limitations), and
baseline willingness, adjusted for site. £ values for interaction were calculated from logistic
regression models including the study group, the covariates and their interaction, and site.
Age and WOMAC score were continuous, and baseline willingness was ordinal. The control
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condition consisted of a booklet about osteoarthritis (OA) of the knee; the intervention, a
video examining all treatment options for OA of the knee. ITT indicates intention to treat.
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Table

Baseline Demographic and Clinical Characteristics of the Study Sample?

Study
ITT Analysis Per-Protocol Analysis
Control Intervention Control Intervention
Characteristic (n = 168) (n = 168) (n =154) (n = 150)
Demographic
Age, mean (SD), y 59.3(7.5) 58.9 (7.0) 59.4 (7.7) 58.8 (6.9)
Sex male, No. (%) 52 (31.0) 49 (29.2) 50 (32.5) 47 (31.3)
Educational attainment less than high school, No. (%) 39 (23.2) 48 (28.6) 35(22.7) 41 (27.3)
Currently employed, No. (%) 43 (25.6) 41 (24.4) 40 (26.0) 34 (22.7)
Currently married, No. (%)b 38 (22.6) 41 (25.2) 34 (22.7) 36 (24.8)
Living alone, No. (%) 70 (41.7) 66 (39.3) 65 (42.2) 61 (40.7)
Annual household income <$15 000, No. (%)¢ 63 (51.6) 63 (48.8) 57 (52.3) 58 (49.2)
Willing at baseline, No. (%) 114 (67.9) 108 (64.2) 105 (68.2) 97 (64.7)
Clinical
WOMAC score, mean (SD)? 62.09 (16.98) 63.11(16.26) 61.66 (16.84) 63.32 (15.70)
Arthritis Self-efficacy Scale, mean (SD)
Pain subscale® 2402 (10.92) 24.07 (11.15) 23.88(10.92) 24.22 (11.02)
Function subscale’ 52.79 (17.80) 51.94 (18.19) 52.04 (17.94) 52.03 (17.92)
Charlson Comorbidity Scale score, mean (SD)J 2.98 (2.25) 2.96 (2.15) 2.97(2.21) 2.90 (2.04)
SF-12 score, mean (SD)
Physical component /7 31.62(8.78)  31.24(959)  31.47(8.87)  30.86 (9.02)
Mental component / 4474 (8.67) 4518(8.78)  44.96(8.52)  45.07 (8.88)

Abbreviations: ITT, intention to treat; SF-12, 12-Item Short Form Health Survey; WOMAC, Western Ontario and McMaster Universities

Osteoarthritis Index.

H\Ne used 2-tailed #tests for continuous variables and x 2 tests for categorical variables. Differences were not statistically significant.

bResponses were missing for 10 patients for ITT and 9 for per-protocol analyses.

c L .
Responses were missing for 185 patients for ITT and 77 for per-protocol analyses.

Scores range from 0 to 100, with higher scores indicating increased pain, stiffness, and functional limitations.
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e T R ]
Scores range from 5 to 50, with higher scores indicating more confidence.

f. A T )
Scores range from 9 to 90, with higher scores indicating more confidence.

gScores range from 0 to 17, with higher scores indicating greater comorbidities.

hScores range from 12 to 61, with higher scores indicating better physical health.

IScores range from 22 to 70, with higher scores indicating better mental health.
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