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a b s t r a c t

Background: There is a paucity of literature assessing whether payer type has an impact on postoperative
patient-reported outcomes (PROs) after total knee arthroplasty (TKA). The aim of this study was to
comparatively evaluate TKA PROs among patients with commercial and Medicare insurance.
Methods: We conducted a single-center, retrospective review of patients operated between January 2017
and March 2018. Knee Disability and Osteoarthritis Outcome Score Junior (KOOS-Jr) and Veterans RAND
12 Health Survey (VR-12) Physical Component (VR-12 PCS) and Mental Component (VR-12 MCS) PRO
scores were collected prospectively at baseline and 12 weeks postoperatively via an electronic patient
rehabilitation application. Univariable and multivariable linear regressions were utilized to assess the
effects of patient insurance type on PRO.
Results: In total, 193 TKA candidates had commercial (n ¼ 91) or Medicare (n ¼ 102) as their primary
payer type. Demographic variables including age, gender, body mass index, and race varied significantly
between the cohorts (P < .05). Length of stay and discharge disposition also varied significantly (P < .05).
When compared with commercial payers, Medicare beneficiaries demonstrated a 4.13 ± 2.06 increase in
Knee Disability and Osteoarthritis Outcome Score JR. scores at baseline (P < .05). However, after adjusting
for patient-specific demographic and perioperative variables, all PROs recorded in this study were similar
between the 2 payer groups at baseline and 12 weeks postoperatively (P > .05). Furthermore, DPRO
scores from baseline to 12 weeks were also similar (P > .05).
Conclusions: After adjusting for patient-specific variables, PROs are similar at baseline and 12 weeks
postoperatively between commercial and Medicare cohorts. For TKA candidates with similar baseline
demographics, surgeons can expect similar perioperative PROs regardless of insurance type.
© 2018 Published by Elsevier Inc. on behalf of The American Association of Hip and Knee Surgeons. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
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Introduction

Total knee arthroplasty (TKA) is the most popular and successful
treatment modalities available to patients with end-stage degen-
erative joint disease of the knee, and its use is projected to rise
exponentially with the aging US population [1,2]. TKA is generally
considered to be a safe procedure, bringing patients significant
improvements in pain, functional ability, and overall quality of life.
However, despite advances in surgical techniques and implant
design, approximately 10-20% of patients are unsatisfied with their
postoperative outcomes [3e5]. This small but significant percent-
age of patients underscores the need for valid, reliable measures to
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evaluate outcomes, resulting in the development of various
patient-reported outcome (PRO) measures for joint arthroplasty.
Generic PROs assess overall health status, including physical func-
tion and mental health, and joint-specific PROs assess symptoms
surrounding hip or knee pathology, such as pain, stiffness, and
limitations in physical activity [6]. Because dissatisfaction can be
secondary to inadequate improvement and unmet expectations
with regard to these factors, PROs have become increasingly uti-
lized by orthopaedic surgeons after total joint arthroplasty (TJA)
[5,7].

Various patient factors, including age, sex, race, bodymass index
(BMI), medical comorbidities, and psychological factors, have been
demonstrated to affect patient outcomes after TKA [8e11]. Payer
type has also been suggested to be a contributing factor across
various surgical fields [12e14]; however, studies evaluating the
effect of payer type on PROs after TKA have been limited. Because
Medicare is the primary payer formore than 60% of lower extremity
arthroplasty procedures, this relationship is important to elucidate
[15]. In addition, with the shift toward bundled paymentmodels for
joint arthroplasty, providers may be incentivized to engage in
“cherry-picking” and “lemon-dropping” behaviors, worsening the
access to care for older patients with more medical comorbidities
[16e18]. Rosenthal et al. [19] reported no significant difference in
the preoperative and postoperative outcomes of commercially
insured and Medicare patients; however, a limitation of this study
was that they used Blue Cross/Blue Shield, which acts as adminis-
trators of Medicare in many states including that of the authors’
institution, as a proxy for commercial insurance. In addition, they
used abstracted medical record data to calculate a composite clin-
ical function score rather than evaluating outcomes using pro-
spectively collected PROs. A nationwide database study by Veltre
et al. [20] on in-hospital complication rates after TKA found
Medicare patients to have the highest overall rates of complica-
tions. However, given the nature of the study, PROs could not be
assessed.

The aim of this study was to comparatively evaluate TKA PROs
among patients with different payer types. We retrospectively
analyzed PRO scores in patients with Medicare vs commercial in-
surance undergoing unilateral TKA.We hypothesize that PROs at 12
weeks postoperatively are not affected by insurance payer type.

Material and methods

This study is a retrospective study of prospectively collected
data from a single urban, academic, tertiary orthopaedic hospital.
Inclusion criteria for this study included any patient undergoing
TKA between January 2017 and March 2018. As part of our in-
stitution's standard of care, patients were preoperatively registered
for an electronic patient rehabilitation application (EPRA; Force
Therapeutics, New York, NY) by clinical care coordinators at the
time of surgical scheduling. Briefly, the Force Therapeutics EPRA
utilizes mobile (eg, smartphones) and web (eg, e-mail) technology
towirelessly push digital PROs surveys at predefined time intervals.
PRO surveys were administered within a 1-month period before
surgery and 3 months postoperatively. Standard clinical care PROs
collected through the EPRA included the Knee Disability and
Osteoarthritis Outcome Score JR. (KOOS JR.) and Veterans Rand 12-
Item Health Survey (VR-12) Physical Component Score (PCS) and
Mental Component Score (MCS). Patients missing any of the 3 PRO
surveys preoperatively or postoperatively were excluded from the
study. Demographics characteristics (patient age, gender, BMI, race,
marital status, smoking status, insurance type, and American So-
ciety of Anesthesiologists (ASA) score) and perioperative variables
(anesthesia type, length of stay, surgical time, and discharge
disposition) were obtained from our electronic data warehouse,
Epic Caboodle (version 15, Verona, WI), using Microsoft SQL Server
Management Studio 2017 (Redmond, WA). Unicondylar, bilateral,
or revision TKAs were excluded from this study.

In total, 842 candidates undergoing TKA at our institution were
registered for the EPRA. Of these patients, 82 bilateral, 30 revision,
and 20 unicondylar TKAs were excluded from the study. Of the
remaining 628 patients, 201 completed at least one preoperative
and one 12-week postoperative PRO survey. Patients completing
only one or none of the preoperative or 12-week postoperative PRO
surveys were excluded from the study. Patients were stratified into
Medicare (Medicare or Medicare Managed Care) and commercial
(Preferred Provider Organization, Exclusive Provider Organization,
Point of Service Plan, Government Exchange Place Managed Care)
cohorts.

Statistics and analytics

PROs derived from the EPRA were joined based on medical re-
cord number and surgical date using MatLab 2018a (MathWorks,
Natick, MA). Descriptive statistics were run on all patient entries.
Independent t tests were used for evaluating continuous baseline
variables, c2 tests for nominal variables, and Wilcoxon rank-sum
test for ordinal baseline values. Univariable and multivariable
linear regressions were performed to assess the unadjusted and
adjusted primary outcome of interest, respectively. Owing to the
limited sample size of patients receiving Worker’s Comp (3 pa-
tients) and Medicaid (5 patients), these patients were not included
in our statistical analyses.

A power analysis was conducted to demonstrate the minimum
number of subjects for adequate study power. Assuming a minimal
detectable change (ie, the minimal amount of change required to
distinguish a true change in health from normal measurement
variability) of 11 points on the KOOS JR. 100-point scale, the mini-
mum number of total subjects needed to detect a difference be-
tween the commercial and Medicare cohorts is 61 [21].

Results

Of the 201 TKA recipients, there were 102 Medicare, 91 com-
mercial, 5 Medicaid, and 3 Worker’s Compensation beneficiaries
(Table 1). When compared against commercial payers, Medicare
beneficiaries were significantly older (70.50 vs 60.12 years; P <
.00,001) andmore likely to be female (66.67% vs 52.68% female; P <
.05), have a worse ASA comorbidity distribution (49.02% vs 33.33%
ASA score �3; P < .05), and have higher percentage of Caucasians
(82.35% vs 68.82%; P < .05). Marital status, surgical time, in-hospital
length of stay, and discharge disposition did not differ significantly
among the groups.

Preoperatively, KOOS JR. scores were significantly higher for
Medicare patients when compared to their commercial payer
counterparts (51.91 vs 47.78; P < .05; Table 2). All other pre- and
post-operative KOOS Jr., VR-12 PCS and VR-12MCS PRO scores were
otherwise non-significantly different between the two cohorts.
When evaluating the change in PRO scores (D) between pre- and
post-operative PRO scores, all patients demonstrated an increase in
KOOS JR. (commercial: D19.69; Medicare: D18.35), VR-12 PCS
(commercial: D6.68; Medicare: D7.85) and VR-12 MCS (commer-
cial: D5.24; Medicare: D3.74). When comparing DPRO scores be-
tween Medicare and Commercial payors, each cohort
demonstrated statistically similar magnitudes of improvement in
PRO scores (P > .05; Figs. 1e3).

Further analysis using a multivariable linear regression
demonstrated no significant differences in preoperative, post-
operative or D PRO scores when comparing the Medicare and
commercial payer cohorts (P > .05; Table 3). Among Medicare



Table 1
Demographics.

Demographic and surgical variables Commercial (n ¼ 91) Medicare (n ¼ 102) P Medicaid (n ¼ 5) Worker’s compensation (n ¼ 3)

Age 60.12 ± 7.29 70.50 ± 5.86 <.00001a 57.00 ± 4.18 59.00 ± 8.19
Gender <.05a

Female 49 (52.68%) 68 (66.67%) 3 (60.00%) 0
Male 44 (47.31%) 34 (33.33%) 2 (40.00%) 3 (100.00%)

BMI 32.97 ± 6.69 30.38 ± 6.01 <.01a 33.74 ± 5.59 32.77 ± 4.94
ASA <.05a

1 5 (5.38%) 0 0 0
2 55 (59.14%) 50 (49.02%) 2 (40.00%) 2 (66.67%)
3 31 (33.33%) 50 (49.02%) 3 (60.00%) 1 (33.33%)
4 2 (2.15%) 2 (1.96%) 0 0
Median 2 3

Race <.05a

African-American (black) 19 (20.43%) 8 (7.84%) 1 (20.00%) 0
Asian 0 3 (2.94%) 0 0
White 64 (68.82%) 84 (82.35%) 2 (40.00%) 3 (100.00%)
Other 10 (10.75%) 7 (6.86%) 2 (40.00%) 0

Marital status .10
Married/partner 60 (64.52%) 51 (50.00%) 3 (60.00%) 2 (66.67%)
Divorced/separated 5 (5.38%) 12 (11.76%) 1 (20.00%) 1 (33.33%)
Single/widowed 28 (30.11%) 39 (38.24%) 1 (20.00%) 0

Surgical time 111.67 ± 34.83 106.76 ± 37.53 .27 119.40 ± 45.85 100.33 ± 47.72
Length of stay 2.10 ± 1.38 2.23 ± 1.26 .50 2.20 ± 1.64 2.67 ± 2.08
Discharge disposition .15
Home with self-care 9 (9.68%) 8 (7.84%) 0 0
Home health services 80 (86.02%) 86 (84.31%) 5 (100.00%) 3 (100.00%)
Skilled nursing 1 (1.08%) 7 (6.83%) 0 0
Acute rehab 3 (3.23%) 1 (0.98%) 0 0

a Denotes a statistically significant difference between commercial and medicare cohorts (P < .05).
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beneficiaries, adjusted preoperative Medicare PRO scores differed
by �0.63 ± 2.40 points for KOOS JR. (P ¼ .79), 0.29 ± 2.49 points for
VR-12 PCS and 0.91 ± 3.07 points for VR-12 MCS (P ¼ .77) when
compared to commercial payer types.When assessingDPRO scores,
Medicare beneficences demonstrated non-significant differences of
0.56 ± 2.40 points for KOOS JR. (P¼ .82),�1.06 ± 1.96 points for VR-
12 PCS (P ¼ .59), �1.62 ± 2.25 points for VR-12 MCS (P ¼ .47) when
compared to their commercial counterparts. Final PRO scores at 12
weeks differed on average by 1.99 ± 1.65 points for KOOS JR. (P ¼
.23), 0.22 ± 1.60 points for VR-12 PCS (P ¼ .89), and 2.21 ± 1.90
points for VR-12 MCS (P¼ .25).

Further review of the multivariable analysis was performed to
evaluate patient factors that may affect preoperative, postoperative,
and DKOOS JR. scores. Preoperatively, increasing age was positively
correlated with improved KOOS JR. scores (b ¼ 0.45; P < .01), while
“other race” was negatively correlated with KOOS JR. scores
(b ¼ �7.78; P < .05). Postoperatively, KOOS JR. scores were nega-
tively correlated with BMI (b ¼ �0.33; P < .05) and single/widowed
marital status (b ¼ �4.44; P < .05). Finally, DKOOS JR. scores were
found to be positively correlated with increasing ASA score (b ¼
Table 2
TKA PRO scores relative to commercial insurance.

Patient reported outcomes Commercial Medicare

Preoperative PROs
KOOS JR. 47.78 ± 11.82 51.91 ± 13.88
VR-12 PCS 32.92 ± 8.55 32.19 ± 8.62
VR-12 MCS 49.47 ± 12.35 49.65 ± 11.68

12 weeks postop PROs
KOOS JR. 67.47 ± 13.62 70.26 ± 12.61
VR-12 PCS 40.11 ± 8.48 40.03 ± 7.89
VR-12 MCS 55.00 ± 8.97 53.40 ± 9.91

DPROs
KOOS JR. 19.69 ± 15.44 18.35 ± 15.92
VR-12 PCS 6.68 ± 10.21 7.85 ± 9.04
VR-12 MCS 5.24 ± 11.66 3.74 ± 10.59

a Denotes a statistically significant difference between commercial and medicare coho
4.53; P < .05) and “other race” (b ¼ 9.26; P < .05), while being
single/widowed was still negatively correlated (b ¼ 5.82; P < .05).

Discussion

The effects of various patient factors on TKA postoperative
outcomes have been well studied [8e11], but the impact of payer
type on outcomes still has yet to be established. Owing to an
increased demand for knee arthroplasty procedures and an un-
sustainable Medicare fee-for-service payment model, novel
bundled payment models for arthroplasty have been explored and
been shown to be successful in reducing costs with concomitant
increases in quality [22e24]. The Centers for Medicare and Medi-
care Services is requiring the utilization of PROs in recent models of
bundle payments, such as the Comprehensive Care for Joint
Replacement program, in which they will be used as a core
component of a hospital's quality score [25]. We, therefore, inves-
tigated whether patients receiving government-based health in-
surance demonstrate better or worse outcomes compared to their
commercially insured counterparts.
P Medicaid Worker’s compensation

<.05a 50.76 ± 22.57 46.34 ± 10.81
.53 33.28 ± 11.32 23.15 ± 2.78
.96 41.77 ± 11.87 45.55 ± 10.59

.15 62.42 ± 6.10 66.49 ± 9.60

.76 43.72 ± 3.00 33.22 ± 9.01

.26 44.17 ± 4.49 50.72 ± 19.52

.58 12.34 ± 18.77 20.15 ± 19.17

.41 10.44 ± 8.78 10.07 ± 6.95

.36 2.40 ± 11.60 9.17 ± 9.45

rts (P < .05).



Figure 3. VR-12 MCS at preoperative, 6-week postoperative, and 12-week post-
operative time points.

Figure 1. KOOS JR. scores at preoperative, 6-week postoperative, and 12-week post-
operative time points.
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PROs have emerged as a useful way for surgeons to quantify the
degree of postoperative pain relief and functional gain in their
patients. More than 40 PROs have been identified in leading or-
thopaedic journals to quantify outcomes after hip and knee
arthroplasty; a “good” PROmeasuremust be validated, reliable, and
responsive to change in patient health status [7,26]. The Centers for
Medicare and Medicare Services, with its newly placed emphasis
on performance and quality, solely adopted the KOOS to assess
whether TKA outcomes meet their pay-for-performance measures
[27]. Despite being widely used, however, the full KOOS is a 42-item
survey with redundancies and questions irrelevant to those with
end-stage osteoarthritis (eg, assessing pain during running and
jumping) [7,27]. Long surveys with content perceived by patients to
be confusing or not relevant are commonly cited barriers to PRO
measure completion [6]. This prompted the development of the
KOOS JR., a more efficient 7-item survey that retained questions
from the long form KOOS most relevant to patients with end-stage
osteoarthritis undergoing TKA [27]. The KOOS JR., used in this
Figure 2. VR-12 PCS at preoperative, 6-week postoperative, and 12-week post-
operative time points.
study, was administered to patients via an EPRA, the use of which is
associated with better patient completion rates, improved data
accuracy, and cost-effectiveness relative to traditional in-office
methods [28].

Among the 193 patients who underwent primary TKA and were
included in the final analysis, it was found that demographic vari-
ables including age, gender, BMI, and race varied significantly.
Despite being significantly older with a higher ASA comorbidity
index, Medicare patients reported a higher KOOS JR. score preop-
eratively, indicating slightly better levels of pain and function at
baseline. This may be due to the significantly higher BMI of the
commercially insured cohort as obesity has been associated with
poorer patient-reported pain and function [29e31]. The racial
distribution in the commercial payer cohort also reveals a greater
frequency of African-American patients, who have been shown to
haveworse range of motion and Knee Society Scores (KSS) at 2-year
follow-up after TKA when compared with Caucasians [11]. In
addition, one study exploring predictors of postoperative pain after
TKA found an inverse relationship between age and pain scores
[32]. Proposed explanations for this suggest that older patients may
de-emphasize pain due to having experienced other significant life
stressors and other medical comorbidities and may be less likely to
engage in activities that typically exacerbate pain [32,33]. After
adjusting for all patient-specific demographic and perioperative
variables, all PROs recorded in this study were similar between the
2 payer groups at baseline and 12 weeks postoperatively. Our study
Table 3
Adjusted TKA PRO scores relative to commercial insurance.

Patient reported
outcomes

Commercial Medicare P Model P-value

Preoperative PROs
KOOS JR. Reference �0.63 ± 2.40 .79 <.01
VR-12 PCS Reference 0.29 ± 2.49 .91 <.05
VR-12 MCS Reference 0.91 ± 3.06 .77 .17

12 weeks postop PROs
KOOS JR. Reference �1.99 ± 1.65 .23 <.01
VR-12 PCS Reference 0.22 ± 1.60 .89 .08
VR-12 MCS Reference 2.21 ± 1.90 .25 .17

DPROs
KOOS JR. Reference 0.56 ± 2.40 .82 .48
VR-12 PCS Reference �1.06 ± 1.96 .59 .89
VR-12 MCS Reference �1.62 ± 2.25 .47 .67
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suggests TKA candidates, regardless of the payer type, may enjoy
similar PROs at each perioperative time point. These findings have
important implications for the future of joint arthroplasty under
new APMs, as they suggest that patients with similar baseline
characteristics but different payer types will be roughly equal cost
burdens to the health-care system.

Although there is no difference in TJA access betweenMedicare-
and PPO-insured patients, despite lower reimbursement rates for
Medicare [34,35], few prior studies have investigated the differ-
ences in TKA outcomes after stratifying by insurance type. To date,
the present study is the largest of its kind and the first to use PROs
as a primary outcome. Our findings concur with those of a similar
study by Rosenthal et al., in which beneficiaries of Medicaid,
Medicare, and Blue Cross/Blue Shield (BCBS) were assessed with
KSS preoperatively and postoperatively. They found no significant
difference in outcome scores between Medicare and BCBS patients
at all time points. This was also found in a prior analysis by Hinman
and Bozic [36] assessing the effect of payer type on Harris Hip
Scores before and after total hip arthroplasty. However, BCBS ad-
ministrates Medicare in many states, including that of the authors'
institution, act as a potential confounder for any differences in
outcomes between Medicare and commercial beneficiaries. The
commercial beneficiaries in the present study were covered by a
variety of health plans, allowing our analysis to be more general-
izable to a greater number of patients.

Other patient factors which may have affected preoperative,
postoperative, and delta KOOS JR. scores were also ascertained from
the multivariable analysis. Preoperatively, increasing age was posi-
tively correlated with improved KOOS JR. scores; postoperatively,
increasing BMI was negatively correlated with outcome scores.
Interestingly, singled and widowed patients were found to be
significantly associated with lower postoperative and DKOOS JR.
scores. These findings are similar to previous studies which have
shown unmarried patients have lower outcome scores than married
patients postoperatively after TKA even after controlling for preop-
erative scores, possibly the result of poorer social support [37].
Finally, “other race”was negatively correlated with preoperative and
DKOOS JR. scores; however, this may be the result of a type I error as
there were very few patients in this category.

Although it would have been interesting to include Medicaid
and Worker’s compensation beneficiaries in our analysis, the
sample size of patients was too low. Rosenthal et al. included
Medicaid patients in their study and found them to have signifi-
cantly worse preoperative KSS scores than Medicare and BCBS
patients and poorer postoperative scores than BCBS patients. The
commonly cited reasons for the worse clinical outcomes experi-
enced by these patients are increased travel distance and limited
access to care [36,38]. Expanded Medicaid eligibility and increased
coverage under the Patient Protection and Affordable Care Act does
not necessarily translate to increased health-care access. Kim et al.
found that Medicaid patients have the lowest rate of appointment
success for evaluation for TKA when compared against Medicare
and privately insured patients, citing reasons such as decreasing
reimbursement rates, increased paperwork required to process
reimbursements, lack of primary care provider referral, and
physician perception that Medicaid patients will be less compliant
with medical instruction [35].

This study is not without limitations. Six-hundred twenty-eight
patients undergoing TKAwere registered for the EPRA, but only 201
patients had completed both the preoperative and 12-week post-
operative surveys necessary to be included in the analysis. This
response rate is on par with reported rates after total joint
replacement and other orthopaedic procedures [39,40]. The cap-
ture rate also fails to account for reasons that patients may have
been unable to otherwise complete the surveys. For instance, not all
patients own or regularly use a smartphone or tablet, or they may
have simply not enabled push notifications on their smart device.

Another limitation of this study was that postoperative
complication rates of the different payer types were not compared.
Preoperative comorbidities are known to increase the risk of
postoperative complications and to result in increased costs to the
medical system after TJA [18]. A study performed by Veltre et al.
[20] on a nationwide database evaluated the effect of patient in-
surance status on in-hospital complication rate. They found that the
Medicare population had the highest complication rates, followed
by the Medicaid/uninsured, other insurance, and privately insured
cohorts. Increasing age and comorbidity index were also signifi-
cantly associated with more medical complications, emphasizing
the importance of optimizing patient health prior to surgery.
Conclusions

In conclusion, although patient demographic variables vary
substantially by payer type (eg, age, gender, and race), PROs are
similar at baseline and 12 weeks postoperatively after adjusting for
patient-specific variables. This may be of increasing importance
with the shift toward bundled payments for discrete episodes of
care as it bolsters the notion that if Medicare patients can expect
similar outcomes, they may be an equal cost burden to the health-
care system, as their younger, healthier counterparts. In addition,
this study further demonstrates the success of an EPRA for col-
lecting patient outcome information via a short, focused survey
such as the KOOS JR. that assesses pain, function, and symptoms.
Further efforts should be made to encourage patient participation
and integrate PROs into routine clinical practice.
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