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SUMMARY
Objective. Total Joint Arthroplasty (TJA) remains one of the highest frequency elective surgical procedures. Medicare is expected to spend close to $ 50 Billion on TJAs
by 2030. Predicting discharge location could allow for cost mitigation and the ability
to set appropriate expectations for patients preoperatively. Our aim is to determine
the validity of one predictive model. We hypothesize that this tool will demonstrate
comparable predictive value as in the pilot study.
Methods. We conducted a cross-sectional study of unilateral, primary, total joint
replacements from January 2020 through February 2021. Nine variables were input
into a predictive model at https://dukeriskcalculators.shinyapps.io/Dispo/ and
percent likelihood of discharge to SNF/rehabilitation facility was recorded and
analyzed. Receiver operating characteristics curve (ROC) analysis was utilized to evaluate the model’s predictive capability.
Results. Our cohort consisted of 264 patients. 9.1% of patients were discharged to an
SNF/rehabilitation facility. ROC analysis demonstrated an area under the curve (AUC)
of 0.72 indicating good predictive value. The mean percent likelihood of discharge to
SNF/rehab was 31% ± 9% (mean ± 95% confidence interval) for patients whose final
discharge location was an acute rehabilitation facility; The mean percent likelihood
of discharge to SNF/rehab was 15% ± 2% for patients who were discharged home.
Conclusions. The predictive model analyzed uses nine easily accessible variables and
demonstrates good predictive capability. Discharge to acute rehabilitation is a costly
and often unnecessary intervention. Predictive models can reduce discharge to these
facilities, reduce healthcare costs, and improve patient outcomes.
KEY WORDS
Joint replacement; arthroplasty; acute rehabilitation; skilled nursing facility;
discharge location.

INTRODUCTION
Total Joint Arthroplasty (TJA) remains one of the highest
frequency elective procedures in United States with estimates of over one-million joint replacement surgeries to be
performed annually by 2030 (1). In 2014, total annual costs
related to TJAs approached $7 billion (2), and Medicare is
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expected to spend closer to $ 50 Billion on TJAs by 2030 (3).
To mitigate costs and improve quality, alternative payment
models such as the Bundled Payments for Care Improvement Initiative (BPCI) and the Comprehensive Care for
Joint Replacement (CJR) were established by the Centers
for Medicare and Medicaid (CMS), the major contributor
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to TJA payments (4). Under these models, providers are
either rewarded or penalized if costs of the index procedure
through postoperative care deviate from a predetermined
value (2). Promising results have led Medicare to adopt this
relatively new payment method in place of the fee-for-service model (5). Evidence demonstrates cost, lengths of stay,
and readmission rate improvements for TJA patients (5, 6).
Moreover, patient outcomes are not negatively impacted by
resource consumption reductions (7).
Our group has previously demonstrated that post-discharge
costs are significantly higher for patients discharged to an
acute rehabilitation center compared to those discharged
home following TJA; yet, both cohorts have comparable
short-term outcomes (8). Others show that skilled nursing and rehabilitation facilities (SNF/rehab) discharge is
associated with significant complications and morbidity
(9). Bozic and Ward et al. estimate that post discharge care
can cost over one third of total costs in TJA (10). Likewise, Slover and Mullaly et al. demonstrate that extended acute hospital care is financially preferable to acute
care discharge with no negative ramifications (11). Such
evidence has led to successful reduction of SNF/rehab
discharge, some demonstrating this to be the greatest
single contributor to recent TJA cost reduction (12, 13). In
attempt to further reduce discharge to acute rehabilitation
facilities, several publications have proposed discharge
location predication models (14, 15). Validation of these
models are necessary because they allow providers to
determine at-risk patients, direct their discharge location,
and adjust their preoperative expectations (14). Ideally,
modifiable risk factors can be addressed to improve their
outcomes and lower total cost.
Goltz and Ryan et al. recently developed a predictive model
which they describe as both convenient and highly accurate (16). Our aim is to determine the validity of this tool.
We intend to determine if the tool is as predictive as in the
initial study. We hypothesize that this tool will demonstrate
comparable predictive value.

METHODS
Study protocol
The current study was conducted in accordance with the
Declaration of Helsinki and institutional ethical standards.
Institutional Review Board Policy and Procedure Committee
(IRB) approval was obtained from the University of Miami
Hospital (20210388 - Date of approval: May 2021). The study
is an observational cross-sectional study and was completed
in accordance with STROBE guidelines. Data was collected
through a retrospective chart review. All collected informaMuscles, Ligaments and Tendons Journal 2022;12 (3)

tion was deidentified. Patient consent was not required by
our institutions IRB.

Setting and eligibility criteria
University of Miami Hospital electronic medical records
were reviewed for information on TJA patients between
January 2020 and February 2021. Patients were included if
they were over the age of 18 and had undergone a primary,
unilateral total joint replacement. Patients were excluded
if their index procedure involved revision, bilateral, emergent, oncological, and partial joint replacement surgery.
The final cohort of 264 patients included all patients meeting inclusion criteria with available data in the specified
timeframe.

Data collection
Nine preoperative data points were collected through retrospective chart review. These included age, marital status,
American Society of Anesthesiologists (ASA) score, body
mass index (BMI), gender, neurologic disease status, electrolyte disorder status, paralysis status, and pulmonary
circulation disease status. All quantitative variables were
defined using the Elixhauser Comorbidity Index.
Each patient’s data was entered into a discharge location
prediction model at the following website https://dukeriskcalculators.shinyapps.io/Dispo/. Using these nine variables,
the model determined a percent likelihood of discharge
to an SNF/rehab facility with a 95% confidence interval.
Patient’s medical records were then reviewed for discharge
location following TJA (home or acute rehabilitation). Variables of interest included predicted likelihood of discharge
to acute rehabilitation and true discharge location. These
data points were recorded and compared as described in the
statistical analysis section.

Statistical analysis
Data was summarized using descriptive statistics for continuous and categorical variables. Inpatients were defined as a
patient admitted to our orthopaedic unit from the Post-Anesthesia Care Unit (PACU).
Statistical analysis was completed in SPSS (27.0.1.0, 2020).
A P-value of < 0.05 was used as a cut off for statistical
significance.
The predictive accuracy of the model was assessed using
a receiver operating characteristic curve (ROC) analysis.
A ROC curve was created using predicted likelihood of
discharge to acute rehabilitation and true discharge location. The final outcome measure of predictive accuracy was
the area under the curve. An area under the curve of 0.7 or
greater definied good predictive value (16). Data was also
demonstrated through the use of a scatter plot.
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RESULTS

(figure 1). Using Youden’s method, the optimal cutoff off
for sensitivity and specificity occurred at 10.9% (0.79 and
0.60, respectively). Stratified analysis for inpatients demonstrated an AUC of 0.75 (p < 0.05), indicating good predictive value.
The mean percent likelihood of discharge to SNF/rehab was
31% ± 9% (mean ± 95% confidence interval) for patients
whose true discharge location was an acute rehabilitation
facility; The mean percent likelihood of discharge to SNF/
rehab was 15% ± 2% for patients who were discharged
home (figure 2).

Patient demographics
264 patients met inclusion criteria and were included in the
final cohort. Patient demographics are presented in table I.
Inpatients demographics are described in table II.

Results syntheses
ROC curve analysis demonstrated an AUC of 0.72 (p <
0.05), thus indicating good predictive value of the model
Table I. Descriptive summary of entire cohort.
Variable of Interest

N

Cohort

264

Discharged to SNF/rehab

24

9.1%

Inpatient

90

34.10%

Hips

135

51.10%

156

59.1%

Gender (Female)

Prevalence or mean

Age

63.80

BMI

30.10

ASA (% 1/2/3/4)

(1/133/128/2)

2.49

Marital Status (single/divorced/widowed)

132

50.0%

other neurological disorders

11

4.2%

electrolyte disorder

1

0.4%

paralysis

2

0.8%

pulmonary circulation disease

0

0.0%

Elixhauser Comorbidity Index

Table II. Descriptive summary of inpatients.
Variable of Interest

N

Inpatients

90

Discharged to SNF/rehab

Prevalence or mean

16

17.8%

Hips

58

64.4%

Gender (Female)

53

58.9%

Age

68.00

BMI

29.70

ASA (% 1/2/3/4)

(0/40/49/1)

2.47

Marital Status (single/divorced/widowed)

43

47.8%

other neurological disorders

9

10.0%

electrolyte disorder

0

0.0%

paralysis

2

2.2%

pulmonary circulation disease

0

0.0%

Elixhauser Comorbidity Index
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Figure 1. Entire cohort receiver operating characteristic curve
analysis of Goltz and Ryan et al.’s calculator.

Figure 2. Scatter Plot of predicted risk vs discharge location.

DISCUSSION
Arthritis is one of the most common debilitating conditions in
the United States (17). Joint replacement surgery is a cost-effective intervention for the disease, which restores patient
function and quality of life (18). Unfortunately, patients often
elect for surgical intervention late in the course of their disease,
Muscles, Ligaments and Tendons Journal 2022;12 (3)

therefore mitigating the treatment’s full potential (19). Delay
is associated with poor baseline pain and function (19). These
patients require extensive postoperative physical therapy and
rehabilitation (19). Though most achieve adequate function,
some will never achieve the maximal benefits of surgery. As
a result, orthopaedic surgeons aim to optimize modifiable
factors to ensure adequate outcomes.
Advances in surgical muscle sparing techniques and rapid
recovery protocols have increased the effectiveness of arthroplasty surgeries (20, 21). Nowadays, patients can be discharged
the same day as their surgery (22). Despite this progress, many
patients have comorbidities, social issues, and medical conditions which require long inpatient stays and discharge to acute
rehabilitation facilities (23). For this population, there has
been an increased emphasis on advanced preoperative planning pathways and risk stratification (24, 25).
Predictive models are useful to practitioners in facilitating
optimal patient recovery and in reducing care costs (26).
For example, the well-studied RAPT score has demonstrated an ability to reduce hospital lengths of stay (27). Literature shows that patients’ discharge preference has the strongest impact on discharge location and that lack of education
influences these preferences (28). Preoperative risk assessment may allow surgeons to better counsel their patients
regarding recovery expectation.
A recent model published in 2021 by Goltz and Ryan et al.
sought to predict post-operative discharge location following TJA. Their model uses nine easily accessible variables
and has demonstrated high predictive utility (16). Unlike
other models, this model emphasizes objective preoperative
variables to ensure its applicability in preoperative planning
(16). Conversely, the 6-Clicks score requires a postoperative physical therapy assessment and the RAPT score entails
collection of challenging variables (27, 29). Other models
have proven less predictive under similar statistical analyses
(14, 30). Though Goltz and Ryan et al.’s calculator seems
promising, it has yet to be validated by an outside source.
Our article adds to the literature by evaluating this recently
published model for predictive accuracy and discussing its
application into current practice.
Our data demonstrates that the predictive model developed
by Goltz and Ryan et al. has “good” predictive value (AUC
0.72) (figure 1) (16). This finding indicates the model has
enough predictive capability to be used in practice. Though
encouraging, our findings are less impressive than in the
pilot paper (16). The originally published paper found an
AUC of 0.82 following the same methodology, thus indicating excellent predictive capability (16). However, given the
simplicity of the calculator and easy accessibility of the data
points, “good” may be sufficient from an effort vs benefit
perspective. Furthermore, we have demonstrated promis407
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ing results in an alternative manner. We found that patients
who were discharged to an acute rehabilitation facility had a
mean predicted percent of discharge to SNF/rehab of 31%,
more than double when compared to patients who were
discharged home (15%) (figure 2); the large dichotomy
between the two groups supports this model’s use in clinical
practice. Upon subgroup ROC analysis, the model demonstrated better predictive capability for inpatients than for
the complete cohort (AUC 0.75 vs AUC 0.72, respectively).
Thus, practitioners may benefit from the model’s use both
preoperatively, as intended, and postoperatively when counselling patients on their discharge course. The model may
also be beneficial in reducing global healthcare costs.
Given the growing financial burden associated with TJA,
it is imperative to minimize costs without compromising
patient care (1–3). In recent years, medical care has begun
shifting from a fee-for-service model to alternative payment
services (31). The initiative has demonstrated effective cost
control and improved surgical outcomes (5, 6, 32–34).
Under new payment plans, expensive discharge to postacute care has been minimized without negatively affecting
patient outcomes (10, 11). Factors, such as age, ASA score,
and the presence of a Medicare Major Complications/
Comorbid Conditions (MCC) modifier are valuable predictors of cost. Some have suggested that bundled payment
compensation should be adjusted upwards for high-risk
individuals, though these implementations have yet to be
incorporated (35). Predictive models which include such
factors can help healthcare providers to optimize patients
pre- and post-operatively to ultimately improve their chances of a successful and cost-effective recovery (36). Goltz
and Ryan et al.’s model may provide the greatest benefit for
the effort required to implement it (14, 15, 29, 36). Overall,
we found this discharge calculator to have good predictive
value in determining discharge location. While the calculator did not produce “excellent” predictive utility as in the
pilot paper, this may be due to limitation within our study.
Notable limitations include our cohort’s relatively small size
of 264 patients. Using a larger population, such as that in
Goltz and Ryan et al. (10, 15), could have produced stronger
results (16). Additionally, we analyzed patients from January 2020-February 2021 during the COVID-19 pandemic,
which may have contributed to a selection bias. During the
early stages of the pandemic, many elective procedures were
canceled, and orthopaedic surgeons transitioned to outpatient TJAs. Per International Census Group and Research
Committee of the American Association of Hip and Knee
Surgeons guidelines, it was recommended that elective
surgeries be deferred for patients with significant comorbidities (37). Predictive models have been determined to be
less useful for intermediate risk patients, which may have
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contributed to our lower AUC compared to the initial study.
Our institution also had a relatively small number of patients
discharged to SNF/rehab (9.1%) compared to Goltz and
Ryan et al.’s 17.6%. This may indicate a positive trend of our
institutions reduced discharge to acute rehabilitation brought
on by the pandemic. Our study was completed retrospectively and in one facility, which decreases the generalizability of our findings. Lastly, with a retrospective chart review
study there is an inability to determine the temporal relationship of data points. For example, a patient with a documented neurological disease may have been diagnosed after their
TJA therefore inflating the predicted percent of discharge to
an acute rehabilitation facility. However, this is unlikely as
the data collection was completed within a few months of all
index procedures. Future validation studies using a prospective cohort may result in more accurate findings.
Goltz and Ryan et al.’s model may provide an accurate way
for orthopaedic surgeons to determine discharge location
preoperatively. The models use in current practice could
allow for cost mitigations associated with reduced discharge
to acute rehabilitation as has been demonstrated in the literature. Additionally, patients would benefit from improved
post-surgical outcomes. To fully validate this model, we
recommend a prospective cohort be used; this would determine if the model is truly useful in real time.

CONCLUSIONS
In summary, our data showed Goltz and Ryan et al.’s predictive model has good predictive value (AUC 0.72). Our findings indicate better utility for inpatients (AUC 0.75). Given
the model’s easy use, predictive value, and potential for
reducing costs and managing patient expectations, we advocate for its judicious implementation into current practice.
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