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Background: Bundled payment models for lower extremity total joint arthroplasty (TJA) aim to improve
value by decreasing costs via efficient care pathways. It is unclear how such models affect patient-
centered outcomes such as functional recovery. We aimed to determine whether participation in
bundled payment for TJA negatively affects patients’ functional recovery.
Methods: All patients, regardless of payer, undergoing elective TJA between July 2014 and December
2016 were identified retrospectively and categorized into prebundle (n ¼ 680) and postbundle (n ¼ 1216)
cohorts. Mixed-effects linear regression and Wald postests were used to test for differences in patients’
functional recovery during the hospital period and over 12 months after TJA between cohorts. We also
used multivariate regression to test for differences in hospital length of stay (LOS) and postacute care
(PAC) facility use between cohorts.
Results: Compared with the prebundle cohort, patients in the postbundle cohort demonstrated a small
and nonmeaningful difference in the trajectory of functional recovery in the hospital [c2(3) ¼ 31.3, P <
.01] and no difference in the 12 months after TJA [c2(3) ¼ 3.9, P ¼ .28]. They had a 0.4-day shorter
hospital LOS (95% confidence interval: �0.5, �0.3) and decreased odds for PAC facility use (adjusted odds
ratio ¼ 0.3; 95% confidence interval: 0.2, 0.4).
Conclusions: Participation in bundled payment for TJA was not associated with significant changes in
patients’ functional recovery, an important patient-centered outcome. For the postbundle cohort, hos-
pital LOS and PAC facility use were decreased, consistent with previous studies describing cost-saving
strategies in bundled payment. These findings support the need for an ongoing study of the long-term
sustainability of these value-based payment models.
© 2019 The Authors. 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/).
Introduction

Current health-care reform in the United States aims to shift away
from fee-for-service payment models toward reimbursement of
closed potential or pertinent
ent, either direct or indirect,
the biomedical field which

rest with this work. For full
j.artd.2018.12.003.
erapy and Athletic Training,
UT 84108, USA. Tel.: þ1 216

Inc. on behalf of The American Asso
c-nd/4.0/).
value-based care [1,2]. Greater value in health-care delivery is ach-
ieved when the costs of care are minimized and patient outcomes
aremaximized [2,3]. The Centers forMedicare andMedicaid Services
introduced bundled payment programs as part of the Affordable
Care Act with the intent of improving value by decreasing costs via
fixed pricing for an episode of care [4]. This incentivizes hospitals
and care providers to improve efficiency in care processes. Elective
lower extremity total joint arthroplasty (TJA) of the hip (THA) or
knee (TKA) is known to be amenable to established care processes
[5] and is the most common inpatient surgery underwent by
Medicare beneficiaries [6] and so was selected for the trial of
bundled payment models beginning in 2009.

Studies have reported successful cost-containment thus far from
bundling payment for TJA. Specifically, costs have been reduced
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using strategies such as standardization of surgical implants and
processes [7], reduction of postoperative hospital length of stay
(LOS) [7-13], and decreased use of postacute care (PAC) services
[7,9,14,15] in skilled nursing and inpatient rehabilitation facilities.
Importantly, it has also been shown that there is no change in
unplanned readmission, emergency department use, or mortality
in the presence of bundled payment for TJA [9]. These are impor-
tant outcomes being monitored by the Centers for Medicare and
Medicaid Services.

However, given that TJA is an elective procedure from which
patients are seeking a reduction of pain and improvement in
function, these outcomes alone are insufficient to examine value
from a patient-centered perspective [16-18]. Outcomes of physical
function in association with bundled payment for TJA have only
been reported in cross-sectional evaluations [9]. Further research is
needed evaluating longitudinal trajectories of patient-centered
outcomes after TJA.

In an effort to maximize value for patients undergoing TJA, our
health-care system opted into the Bundled Payment Care
Improvement (BPCI) Model 2 in July 2015. Although the BPCI aims
at increasing value specifically for a subset of Medicare benefi-
ciaries, we enhanced care pathways for all patients undergoing TJA
even before our BPCI enrollment. These efforts, described in full
elsewhere [13,15,19], resulted in decreased hospital LOS, decreased
PAC facility use, and reductions in 30-day and 90-day readmission
or reoperation, consistent with findings from other organizations
[7-12]. These are important outcomes to the value equation as they
indicate improveddor maintaineddpatient outcomes and likely
decreases in costs. To further examine potential BPCI-associated
value from a patient-centered perspective, the primary aim of the
present study was to test whether the trajectory of post-TJA
physical function was negatively affected for patients undergoing
TJA after we began participating in the BPCI. To understand the
extent that BPCI participation potentially influenced cost changes
via modified patient care pathways, we also report on hospital LOS
and PAC use for the specific cohort of patients included in this
study.

Material and methods

Care pathway improvements associated with BPCI enrollment

In preparation for our enrollment in the BPCI on July 1, 2015,
several improvements were made to the care pathway for all pa-
tients undergoing TJA, regardless of BPCI eligibility. Among these
were an increased emphasis on earlier postoperative ambulation
beginning in 2013 that involved the addition of a swing shift (11
AM-8 PM) for inpatient orthopedic physical therapy (PT) staff [13].
In preparation for bundled payment participation, refinements to
this staffing model aimed to facilitate an appropriate reduction in
post-TJA hospital LOS. In addition, stepwise implementation of a
comprehensive patient education andmanagement program began
in June 2015 and culminated in November 2015 [15]. The program
included preoperative education in a formal classroom setting,
postoperative follow-up via telelphone calls from a care navigator,
and a 24-hour provider on-call system, all aimed at providing pa-
tients with sufficient resources to limit adverse events without
requiring care in a PAC facility. We also implemented processes for
standardized clinical measurement of physical function in 2014.
Standard measurement across outpatient clinic settings occurs
before and after the operation using the computer adaptive test of
the patient-reported outcome measurement information system
physical function scale (PF CAT). Immediate postoperative function
is assessed in the hospital using the Activity Measure for Post-acute
Care “6-clicks” basic mobility short form (AM-PAC-Mobility).
Data

We collected patient data retrospectively from our institution’s
enterprise data warehouse (EDW), a tool that combines adminis-
trative data with clinical data from provider notes recorded in the
electronic medical record. This includes AM-PAC-Mobility and PF
CAT assessment scores, both of which are recorded directly into the
EMR at the time of assessment. The initial data extraction included
data of all patients meeting the study’s inclusion criteria, regardless
of their BPCI eligibility.

Study population

Episodes of all primary TJA procedures initially identified in the
EDWwere of patients whose surgery datewas between July 1, 2014,
and December 31, 2016, at our academic medical center’s primary
hospital. Unique surgical episodes, rather than unique patients,
were considered for the analysis. Surgical cases were identified
using Medicare severity diagnosis-related group (MS-DRG) codes
469 and 470. Surgeries coded as “Urgent” or “Trauma Urgent”were
excluded so that only elective procedures were included for anal-
ysis. Patients were also excluded if they did not have at least one
functional mobility score recorded after surgery, using either the
AM-PAC-Mobility or the PF CAT. Remaining patient episodes were
divided into 2 cohorts based on the date of their TJA procedure. The
prebundle cohort included those patients who underwent elective
TJA between July 1, 2014, and June 30, 2015, and the postbundle
cohort included those patients who underwent elective TJA be-
tween July 1, 2015, and December 31, 2016. The prebundle cohort
was limited to 12 months as we did not implement the use of the
AM-PAC-Mobility until July 2014.

Predictor variables

Cohort inclusion (prebundle or postbundle period) was the
primary predictor variable for all analyses. The contribution of
various patient characteristics to the outcomes of interest was also
considered. These included sex, age, body mass index (BMI), the
presence of Medicare as the primary payer, comorbidity burden
measured via the Charlson Comorbidity Index (CCI) [20], diagnostic
severity as indicated by the Medicare Severity Diagnosis Related
Group weight, and preoperative physical function measured using
the PF CAT. Consistent with other studies examining the outcomes
associated with bundled payment in TJA [7,9,10,21], patients with
TKA and THA were analyzed together, but the specific procedure
was also considered as a variable input in statistical analyses.

Patient-centered functional recovery outcomes

For the primary study objective, we retrospectively identified
and analyzed individual patients’ trajectory of functional recovery
based on general reports of function as rated by the patient or a
clinical proxy. This was completed separately for the postoperative
hospital period and in the 12 months after TJA. The functional
status in the hospital was assessed using the AM-PAC-Mobility. This
is a clinician-rated measure of a patient’s ability to complete basic
mobility tasks, validated for use across the spectrum of hospitalized
patients [22]. Scores on the T-scale of the AM-PAC instrument range
from 0 to 100, with higher scores indicating greater independence
with functional mobility. Timing of AM-PAC-Mobility assessment
was categorized into 4 distinct time points relative to the time of
surgery: Day 0 (assessment recorded between 0 and 12 hours after
TJA), Day 1 (12-24 hours), Day 2 (24-48 hours), and Day 3þ, which
captured the final overall score recorded in the hospital for patients
with an LOS of 48 hours or more.



Figure 1. Time points of physical function assessment by the measure used.
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The trajectory of physical function in the 12 months after TJA was
assessed for each patient using the PF CAT. This self-report of physical
function has been validated for assessment of patients seeking care in
ambulatory care settings [23] and specifically those with orthopedic
conditions [24]. The PF CAT is reported as a T-score ranging from 0 to
100, with a population mean of 50 and a standard deviation of 10.
Higher scores indicate greater physical function. The study timepoints
were associated with the standard timing of clinic visits for patients
undergoing TJA at our institution: preoperative, 2 weeks after opera-
tion, 6 weeks after operation, and 12months after operation. Figure 1
displays the time points of assessment with either PF instrument.

The preoperative score used for each patient was that score
recorded closest to, but before, the date of surgery. Postoperative 2-
week scores included any scorewithin 5 and 27 days after TJA, with
the score used for analysis being that which was closest to 14 days
after surgery. Scores at the 6-week time point included any score
recordedwithin 30 and 90 days after TJA; the score recorded closest
to 42 days was the one included in analysis. The 12-month time
point captured a patient’s final score, recorded at any time between
270 and 450 days after TJA.

Care utilization outcomes

In the absence of cost data, we tested for differences in the
extent to which clinical practice patterns differed between the
prebundle and postbundle periods using variables related to care
utilization. These included hospital LOS for the perioperative period
and discharge disposition location. Patients were categorized as
being discharged to a PAC facility if discharged to either a skilled
nursing or inpatient rehabilitation facility.

Statistical analysis

Potential differences in patient characteristics between groups
were assessed using an independent t-test for continuous variables
and a chi-square test for categorical variables. Patient-centered
outcome and care-utilization variables were evaluated using the
regression method appropriate for the level of measurement of the
outcome variable. Each of the patient characteristic variables
(Table 1) was initially included as confounders in each regression
analysis. The final model for each analysis was derived using
Table 1
Patient characteristics by cohort.

Variable Prebundle Postbundle P value

Sample size, n 680 1216 -
TKA, n (%) 416 (61.2%) 682 (56.1%) .03
Male, n (%) 294 (43.2%) 516 (42.4%) .74
Age, mean (SD) 62.4 (11.4) 62.8 (11.7) .44
BMI, mean (SD) 30.9 (6.8) 30.4 (6.6) .10
CCI, mean (SD) 1.7 (2.3) 1.8 (2.3) .46
MS-DRG weight, mean (SD) 2.2 (0.2) 2.1 (0.2) <.01
Preoperative PF CAT score, mean (SD) 36.4 (6.4) 36.9 (6.6) .20
Medicare primary, n (%) 293 (43.1%) 548 (45.1%) .41

n, sample size; SD, standard deviation.
backward variable selection with a conservative significance
threshold (0.20) for variable inclusion [25]. All analyses were con-
ducted in Stata version 15.1 (StataCorp, College Station, TX).

Measures of a patient’s physical function recovery, both in the
hospital andover12-month follow-up,wereanalyzedseparatelyusing
mixed-effects linear regression. This is a multilevel model approach
that can fit individual trajectories of function for each patient while
controlling for both fixed and random effects at specified levels in
longitudinal data [26]. For both in-hospital and 12-month follow-up,
all patient characteristics described in Table 1 were initially included
asfixed effects in themodel. The TJA type (THAor TKA) and the timing
of scores relative to surgery were included as random effects and
nested within individual patients whowerewithin the bundle cohort
variable. For both the AM-PAC-Mobility and the PF CAT models, we
included an interaction term of bundle cohort� time point of interest
to determine the significance of the difference in trajectories between
the patients in the 2 cohorts. From regression results, we used mar-
ginal estimation to determine an adjusted mean and 95% confidence
interval (CI) for functional scores at each time point and a post-
estimation Wald test to assess for differences in the trajectory of
functional recovery between patients in each cohort.

Mixed-effects linear regression is especially useful when testing
the relationship between an outcome and an individual rather than
making inferences about the population [27], as is the case in this
study. It is also compatible with maximum-likelihood estimation
(MLE), which we used to estimate missing values for variables in
the model, particularly missing functional scores, to limit the se-
lection bias in the sample. MLE has been shown to outperform
methods of data imputation for longitudinal data analysis,
including outcome data [28,29]. We also completed sensitivity
analyses for each functional outcome in which we included only
those patients who had scores recorded for at least 3 of the AM-
PAC-Mobility or the PF CAT time points, respectively, in an effort
to minimize the dependence of the results on MLE.
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Figure 2. Adjusted trajectories of physical function in the hospital immediately after
total joint arthroplasty (with 95% confidence intervals).



Table 2
Functional outcome scores at each time point by cohort.

Assessment used Time point Observed score, mean (95% CI) Adjusted score, mean (95% CI) Patients with recorded score,
n (%)

Prebundle Postbundle Prebundle Postbundle Prebundle Postbundle

AM-PAC-Mobility Day 0 32.1 (31.4, 32.7) 35.4 (35.0, 35.8) 33.5 (32.6, 34.4) 35.5 (34.7, 36.2) 459 (67.5%) 990 (81.4%)
Day 1 35.1 (33.1, 37.1) 40.8 (39.9, 41.8) 36.3 (34.9, 37.8) 40.3 (39.5, 41.0) 101 (14.9%) 378 (31.1%)
Day 2 43.0 (41.6, 44.4) 43.2 (42.6, 43.8) 43.0 (42.0, 44.0) 42.7 (42.2, 43.3) 207 (30.4%) 778 (64.0%)
Day 3þ 44.0 (43.1, 45.0) 44.2 (43.5, 44.9) 45.1 (43.7, 46.4) 44.9 (43.7, 46.0) 242 (35.6%) 468 (38.4%)

PF CAT Preoperative 36.4 (35.9, 37.0) 36.8 (36.4, 37.2) 36.4 (35.8, 37.0) 36.2 (35.6, 36.8) 619 (91.0%) 1106 (91.0%)
2 weeks 32.2 (31.6, 32.9) 33.1 (32.6, 33.6) 32.4 (31.9, 32.9) 32.5 (32.0, 32.9) 491 (72.2%) 742 (61.0%)
6 weeks 39.7 (39.1, 40.3) 40.1 (39.6, 40.5) 40.2 (39.7, 40.6) 39.6 (39.2, 40.0) 585 (86.0%) 990 (81.4%)
12 months 43.6 (42.8, 44.5) 43.1 (42.4, 43.8) 45.3 (43.8, 46.7) 44.4 (43.0, 45.7) 337 (49.6%) 550 (45.2%)

CI, confidence interval; n, sample size.
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The difference in postoperative hospital LOS was tested using
generalized gamma regression, which is a generalized linear model
with a log link and gamma family and is robust to skewed outcome
data such as hospital LOS [30]. Discharge to a PAC facility was
dichotomized as a yes or no variable and was analyzed using
multiple logistic regression to estimate an adjusted odds ratio. This
ratio indicates the odds of an outcome event occurring in the
postbundle cohort compared with the prebundle cohort after
adjusting for confounding effects.
Results

Study population characteristics

There were 1947 unique surgical episodes initially identified
from the EDW. Of these, 44 were coded as urgent, 6 were missing
functional scores at all time points, and one had undergone a sec-
ond procedure within the same hospital period. These 51 cases
were excluded, leaving 1896 TJA episodes for 1666 unique patients
available for analysis, 680 episodes in the prebundle cohort, and
1216 episodes in the postbundle cohort. These included 1098
(57.9%) episodes of TKA. The overall mean (standard deviation) age
was 62.6 (11.6) years, andmost patients werewomen (57.3%). There
was a statistical difference observed between the prebundle and
postbundle cohorts for the proportion of patients undergoing TKA
vs THA and for MS-DRG weight (Table 1). These differences, and
other patient characteristics determined to be statistically associ-
ated with each outcome, were accounted for in our adjusted
models.
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Figure 3. Adjusted trajectories of physical function over 12-month follow-up (with
95% confidence intervals).
Patient-centered functional recovery

As shown in Figure 2, during their postoperative hospitalization
period, patients in the postbundle cohort demonstrated a statistical
difference in functional recovery trajectory compared with those in
the prebundle cohort [c2(3)¼ 31.3, P < .01]. The estimatedmeans of
AM-PAC-Mobility scores indicate higher levels of independent
physical function among those in the postbundle cohort than in the
prebundle cohort at day 0 and 1, but not at day 2 or 3 (Table 2). The
greatest difference between the 2 cohorts was observed at day 1
where the estimated mean AM-PAC-Mobility score for the pre-
bundle cohort was 36.3 (95% CI: 34.9, 37.8) and that for the post-
bundle cohort was 40.3 (95% CI: 39.5, 41.0), with an adjusted mean
difference of 4.0 points.

Longitudinal measures of the PF CAT indicate that there was no
difference in the trajectory of functional recovery over 12months of
post-TJA follow-up [c2(3) ¼ 3.9, P ¼ .28; Fig. 3]. No difference was
observed between the cohorts at any individual time point.

Missing scores and sensitivity analyses

Considering all time points and the full sample size, 7584 scores
from the AM-PAC-Mobility and PF CAT should have been recorded.
However, 3810 (50.2%) AM-PAC-Mobility scores and 2164 (28.5%)
PF CAT scores were missing and therefore estimated using MLE.
Table 2 summarizes the proportion of scores collected for each
measure at each time point.

There were 457 patients (68 in the prebundle cohort and 389 in
the postbundle cohort), with at least 3 AM-PAC-Mobility scores
recorded. As shown in Table 3, there was no difference between
cohorts in any measured characteristic for patients included in the
sensitivity analysis. As with the full sample, there was a difference
between prebundle and postbundle trajectories of functional re-
covery in the hospital period [c2(3) ¼ 60.8; P < .01; Fig. 4]. The
largest difference in AM-PAC-Mobility scores for patients included
Table 3
Sensitivity analyses results: patient characteristics by cohort for patients with at
least 3 AM-PAC-Mobility scores recorded.

Variable Prebundle Postbundle P value

Sample size, n 68 389 -
TKA, n (%) 38 (55.9%) 243 (62.5%) .30
Male, n (%) 24 (35.3%) 127 (32.6%) .67
Age, mean (SD) 63.2 (13.0) 65.0 (11.7) .27
BMI, mean (SD) 31.0 (6.4) 31.0 (6.9) .94
CCI, mean (SD) 1.4 (2.2) 2.1 (2.5) .05
MS-DRG weight, mean (SD) 2.2 (0.2) 2.1 (0.3) .29
Preoperative PF CAT score, mean (SD) 34.8 (5.9) 35.8 (6.6) .30
Medicare primary, n (%) 30 (44.1%) 219 (56.3%) .06

n, sample size; SD, standard deviation.
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Figure 4. Sensitivity analysis results. Adjusted trajectories of physical function in the
hospital immediately after total joint arthroplasty (with 95% confidence intervals) for
those patients with at least 3 AM-PAC-Mobility scores recorded.

Table 5
Sensitivity analyses results: patient characteristics by cohort for patients with at
least 3 PF CAT scores recorded.

Variable Prebundle Postbundle P value

Sample size, n 287 450 -
TKA, n (%) 176 (61.3%) 257 (57.1%) .26
Male, n (%) 129 (44.9%) 175 (38.9%) .50
Age, mean (SD) 61.2 (11.6) 62.0 (11.1) .30
BMI, mean (SD) 30.7 (6.2) 30.4 (6.2) .45
CCI, mean (SD) 1.6 (2.3) 1.8 (2.2) .39
MS-DRG weight, mean (SD) 2.2 (0.2) 2.1 (0.2) .01
Preoperative PF CAT score, mean (SD) 36.4 (7.0) 36.7 (6.4) .58
Medicare primary, n (%) 110 (38.3%) 192 (42.7%) .24

n, sample size; SD, standard deviation.
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in the sensitivity analysis was observed at day 1 after TJA. At that
point, the mean score for the prebundle cohort was 31.6 (95% CI:
28.7, 34.4) and that for the postbundle cohort was 38.8 (95% CI: 37.7,
39.9; Table 4).

The prebundle and postbundle cohorts included 287 and 450
patients, respectively, that had at least 3 PF CAT scores recorded and
were therefore included in the sensitivity analysis. These patients
differed statistically only for MS-DRG weight (Table 5), which was
held constant along with other confounders in the mixed-effects
linear model for this sensitivity analysis. For this smaller patient
sample, there remained no difference between cohorts in the tra-
jectory of functional recovery [c2(3) ¼ 4.2; P ¼ .24] as shown in
Figure 5.
Care utilization

The median (interquartile range) perioperative hospital LOS for
the prebundle cohort was 2.3 (2.0, 3.1) days, and this decreased for
the postbundle cohort to 2.1 (1.3, 2.4) days. The unadjusted gamma
regression indicated a 0.5 (95% CI: �0.6, �0.4)-day reduction in
hospital LOS for the postbundle cohort. After controlling for gender,
age, BMI, the CCI, MS-DRG weight, preoperative PF CAT score, and
whether Medicare was the primary payer, there was a 0.4 (95%
CI: �0.5, �0.3)-day reduction in LOS.

There was also decreased odds for discharge to a PAC facility for
patients in the postbundle cohort (adjusted odds ratio ¼ 0.3; 95%
CI: 0.2, 0.4), with 10.9% being discharged to a PAC facility relative to
26.9% in the prebundle cohort. All other patients in the study
Table 4
Sensitivity analyses results: functional outcome scores at each time point by cohort for p

Assessment used Time point Observed score, mean (95% CI)

Prebundle Postbundle

AM-PAC-mobility Day 0 29.0 (27.3, 30.8) 34.5 (33.9, 35.2)
Day 1 29.5 (26.6, 32.4) 38.2 (37.0, 39.5)
Day 2 37.3 (35.9, 38.7) 40.1 (39.3, 40.9)
Day 3þ 47.5 (45.2, 49.7) 44.9 (44.0, 45.7)

PF CAT Preoperative 36.4 (35.6, 37.2) 36.7 (36.0, 37.3)
2 weeks 32.1 (31.1, 33.2) 32.9 (32.1, 33.7)
6 weeks 39.7 (38.8, 40.5) 39.9 (39.2, 40.6)
12 months 44.2 (42.5, 45.9) 42.6 (41.3, 44.0)

CI, confidence interval; n, sample size.
sample were discharged home, either with or without home health
services.

Discussion

Regarding the need to evaluate patient-centered outcomes as a
consideration of value-based care, we sought in this study to test
whether participation in a bundled payment program had an
adverse effect on the trajectory of physical function recovery for all
patients undergoing elective TJA. The analysis shows that patients’
recovery of physical function was statisticallydbut not clin-
icallyddifferent between the prebundle and postbundle cohorts
during the in-hospital period, but not in the 12 months after TJA.
This is the case despite the fact that hospital LOS was decreased and
odds for discharge to a PAC facility were decreased for the post-
bundle cohort.

Although patients in the postbundle cohort demonstrated
higher levels of physical function than those in the prebundle
cohort in the immediate days after surgery, this difference does not
exceed the minimal detectable change for the AM-PAC-Mobility of
4.7 points [22]. The greatest difference observed between the 2
cohorts was only 4.0 points (at hospital day 1), which may simply
be a result of a measurement error. It is, therefore, not likely to be
clinically meaningful, although a minimal clinically important dif-
ference for the AM-PAC-Mobility has not been estimated. Regard-
less, recovery trajectories converge and are nearly identical
between cohorts for days 2 and 3 after TJA. This similarity in
functional recovery continues through the 12 months after TJA.

Hospital LOS and the use of PAC facilities were both decreased in
the postbundle cohort compared with the prebundle cohort, out-
comes that are consistent with the results of previous studies at our
institution [13,15,19]. These are strategies that have been shown in
previous studies to be associated with cost savings. Dummit and
colleagues [9] determined fromMedicare claims data that there is a
cost decrease of $1166 per TJA episode associated with bundled
atients with at least 3 AM-PAC-Mobility or PF CAT scores recorded, respectively.

Adjusted score, mean (95% CI) Patients with recorded score,
n (%)

Prebundle Postbundle Prebundle Postbundle

30.7 (28.9, 32.5) 35.7 (34.5, 36.9) 60 (88.2%) 364 (93.6%)
31.6 (28.7, 34.4) 38.8 (37.7, 39.9) 15 (22.1%) 134 (34.4%)
37.7 (36.1, 39.3) 40.2 (39.5, 40.9) 66 (97.1%) 336 (86.4%)
47.0 (44.6, 49.4) 44.0 (42.7, 45.4) 64 (94.1%) 343 (88.2%)
36.3 (35.4, 37.3) 36.2 (35.3, 37.1) 271 (94.4%) 436 (96.9%)
32.3 (31.5, 33.1) 32.8 (32.1, 33.4) 232 (80.9%) 329 (73.1%)
40.1 (39.4, 40.8) 39.7 (39.1, 40.2) 270 (94.1%) 424 (94.2%)
45.1 (42.2, 48.1) 43.5 (40.8, 46.3) 88 (30.7%) 161 (35.8%)
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payment. Likewise, in their analysis of bundled payment partici-
pation in a single health system, Navathe et al [7] showed a $5577
decrease in hospital costs per TJA episode. Both studies cite
decreased use of PAC as a primary driver of cost savings. Similarly,
decreased hospital LOS has been shown to contribute significantly
to cost reductions for patients after TJA [8,31,32].

Although these novel findings are encouraging, other unin-
tended consequences of bundled payment for TJA should be
considered. First, decreased hospital LOS and the use of PAC facil-
ities create more rapid pathways for patients to be at home after
TJA. It is unclear whether these modified care pathways contribute
to a disproportionatel shift of care burdens from health-care pro-
viders to patients and caregivers at home. Similarly, it may be that
patients and/or their caregivers incur increased costs associated
with a potential shift in care responsibilities. Whether these con-
sequences exist is not clear and warrant exploration in future
studies. Second, the extent to which bundled payments influence
decisions regarding the appropriate selection of surgical candidates
has not been examined. Without considering the specific effects of
bundled payment models, overutilization of TJA has been recog-
nized [33,34]. The incentives associated with bundled payment
models could shift the utilization of TJA toward healthier patients
and away from patients with greater risk for complications. It re-
mains to be seenwhether or not this has occurred or will occur on a
wide scale. For our analysis, the nonsignificant differences in the
baseline age, BMI, CCI, and preoperative PF CAT scores between the
prebundle and postbundle cohorts suggest that no such shift in
patient selection has occurred at our institution. However, under-
standing the potential for these unintended consequences broadly
requires additional studies.

Limitations

Our study has several limitations to consider. First, this was a
retrospective observational study, thereby limiting any potential for
causal inference from the findings. We explain only observed as-
sociations between participation in a bundled payment model and
the outcomes of interest. The retrospective nature of the study,
using our own system’s EDW as the sole data source, limits our
ability to capture events or outcomes that could further indicate a
patient’s success in regaining function after TJA. Furthermore, the
EDW, like other data repositories [35], may contain data errors that
are not easily identifiable at the stage of research investigation.
Thus, there is some assumption regarding the accuracy of the data
being used.
Second, the implementation of revised care pathways was fluid
in its timing and did not correlate precisely with the timing of our
BPCI enrollment. For example, the processes associated with earlier
post-TJA out-of-bed activity were implemented during the pre-
bundle period. The other noted pathway changes were initially
implemented in the final months of the prebundle period and
finalized in the early months of the postbundle period. Thus, there
may be some spillover effects among patients in either the pre-
bundle or postbundle cohort. However, it is clear from the observed
differences between prebundle and postbundle cohorts in hospital
LOS and discharge disposition that the expected changes to patient
care pathways were not well established until after BPCI
enrollment.

Third, the AM-PAC-Mobility has been validated in a heteroge-
nous population of hospitalized patients [22], but not specifically
for patients undergoing TJA. There may be limitations in the
sensitivity of PF assessment using the AM-PAC-Mobility for this
particular population that are not yet understood.

Fourth, the external validity of the findings is limited due to the
fact that datawere used for patients from only one academic health
system. There may be patient or practice characteristics at our
institution that differ from those of other health systems, including
the timing of postoperative clinical follow-up. Similarly, we used
wide date ranges around the standard follow-up time points at our
institution to capture a greater number of assessments, but doing
so may capture erroneous scores. To limit the possibility of these
errors, we identified and retained only the scores recorded for each
patient closest to the time point of interest. There may have also
been erroneous scores captured for the 230 TJA episodes that were
for nonunique patients in the data set. It may be that PF CAT scores
captured in the EDW did not necessarily correlate with the surgical
episode with which it was paired in the analysis.

Fifth, the significant volume of missing AM-PAC-Mobility and PF
CAT scores limits the reliability of the findings. Although we used
statistical modeling appropriate for estimating missing outcome
data and conducted sensitivity analyses for patient samples with
higher proportions of complete data, estimation errors could still
be present.

Finally, other variables for which we did not account could in-
fluence the observed estimates. For example, we did not account
for the use of PT interventions at any point during the course of
care. As PT is commonly used to manage functional deficits asso-
ciatedwith TJA, its influence should be consideredmore fully. Work
in our own system shows that PT treatment provided on the day of
surgery has contributed to modest decreases in LOS and hospital
costs. [13] In addition to PT treatment in the hospital, the use of PT
in home health or outpatient settings also deserves examination,
from the perspective of both cost and patient outcomes.

Conclusions

Value in health care is achievedwhen patient-centered outcomes
are maintained or improved in the presence of cost-saving care. This
analysis provides a promising view of the value associated with
bundled payments for TJA. Results suggest that the trajectory of
patients’ physical function recovery is not adversely affected in the
presence of care pathways known to reduce costs. Although
encouraging, the full scope of these pathways should continue to be
analyzed to maximize value-based care delivery by identifying the
interventions that can simultaneously reduce costs and improve
patient outcomes. In addition, the total impact of bundled payment
models for TJA on patients and their caregivers should be more fully
understood. Continued effort toward this understanding can ensure
that health-care systems are providing optimal benefit for patients
with the greatest effectiveness and efficiency.
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