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Executive Summary 

Elective total hip arthroplasty and total knee arthroplasty (THA and TKA, respectively) are important, 

effective procedures performed on a broad population. They offer significant improvement in quality of 

life by reducing pain and improving function and mobility for the majority of patients undergoing these 

procedures. They are costly and frequently performed surgeries, most commonly performed for 

degenerative joint disease and osteoarthritis, conditions affecting millions of Americans. As such, they 

are priority areas for patient-reported outcome performance measure (PRO-PM) development. 

The development of a hospital-level PRO-PM for evaluating THA/TKA reflects the importance of the care 

and coordination of multiple providers in the clinical outcomes for patients undergoing surgery. Patients 

will not receive outstanding results if surgeons perform the surgeries well, but the quality of care 

delivered by others caring for the patients before, during, and after surgery falls short. The goal of a 

hospital-level outcome measure is to capture the full spectrum of care in order to incentivize 

collaboration and shared responsibility for improving patients’ health and reducing the burden of their 

disease. 

The Centers for Medicare & Medicaid Services (CMS) contracted with Yale New Haven Health Services 

Corporation – Center for Outcomes Research and Evaluation (CORE) to develop a hospital-level PRO-PM 

following primary elective THA and TKA. In this report, we present the development, measure 

specification, and testing results of this PRO-PM. 

Measure Development 

This THA/TKA PRO-PM was developed over a multi-year period. We used a multi-faceted approach to 

develop measure specifications, including environmental scans and literature reviews; consultations 

with experts experienced with the collection and use of THA/TKA patient-reported outcomes (PROs) 

data; prospective data collection and analyses to inform measure development and feasibility; and 

extensive stakeholder engagement in the form of a national Technical Expert Panel (TEP), a Technical 

Advisory Group (TAG), a Patient Working Group, and multiple public comments. 

Due to the absence of large scale and uniformly collected available PRO data from patients undergoing 

elective primary THA/TKA, in November 2015 CMS established an incentivized, voluntary PRO data 

collection opportunity within the Comprehensive Care for Joint Replacement (CJR) model to support 

measure development. Hospitals participating in the CJR model are incentivized to voluntarily collect 

and submit PRO data from patients prior to and following an elective THA or TKA. Successful submission 

of PRO data increases a hospital’s composite quality score and can positively affect model reconciliation 

payments. CMS implemented a five-year data collection plan, commencing in 2016. Requirements for 

successful submission of PRO data for eligible elective primary THA/TKA procedures were identified by 

CMS in the 2015 CJR Final Rule.1 This THA/TKA PRO-PM was developed and tested using PRO and risk 

variable data collected from and submitted by CJR participant hospitals. 
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Measure specifications have been finalized, risk models developed, and testing completed. Assessments 

of social risk factors for inclusion in the risk model and analyses for addressing potential bias due to non-

response have been conducted. A more detailed description and rationale for measure decisions are 

provided in the body of the report. 

Measure Specifications 

Data Sources: This THA/TKA PRO-PM primarily uses PRO and risk variable data collected from and 

submitted by hospitals, and administrative claims data for Medicare fee-for-service (FFS) beneficiaries. 

PRO and additional risk variable data are collected from hospitals preoperatively and PRO data are 

collected again postoperatively on patients undergoing an elective primary THA/TKA. Claims data are 

used to identify eligible elective primary THA/TKA procedures for the measure cohort and candidate risk 

variables, including patient demographics and clinical comorbidities up to 12 months prior to surgery. 

Three additional data sources provide data for the measure as follows: the Medicare Enrollment 

Database (EDB) identifies Medicare FFS enrollment and race; the Master Beneficiary Summary File 

(MBSF) allows for the determination of dual eligibility status; and the American Community Survey data 

allow for derivation of the Agency for Healthcare Research and Quality (AHRQ) socioeconomic status 

(SES) index score. Data from these sources are linked for patients undergoing elective primary THA and 

TKA procedures for the measurement period. 

Measure Cohort: The measure cohort includes Medicare FFS patients 65 years of age or older 

undergoing elective primary THA/TKA procedures. Patients with fractures and revisions are excluded 

from the measure cohort. The measure cohort is intentionally aligned with CMS’s existing Hospital-level 

Risk-standardized Complication Rate (RSCR) Following Elective Primary THA and/or TKA measure 

(THA/TKA Complication measure) cohort. 

Measure Outcome: The measure outcome is the risk-standardized proportion of patients undergoing an 

elective primary THA or TKA who meet or exceed a patient-defined substantial clinical benefit (SCB) 

threshold of improvement between preoperative and postoperative assessments on joint-specific 

Patient-reported Outcome Measure (PROM) instruments. 

The measure outcome will assess patient improvement in PROs following elective primary THA/TKA. 

Patient improvement will be measured using the joint-specific instruments chosen for CJR PRO data 

collection: 

• The Hip dysfunction and Osteoarthritis Outcome Score for Joint Replacement (HOOS, JR)2 for 

THA patients, and 

• The Knee injury and Osteoarthritis Outcome Score for Joint Replacement (KOOS, JR)3 for TKA 

patients. 

We recommend PRO data be collected 90 to zero days prior to surgery and 300 to 425 days following 

surgery. 



 

THA/TKA PRO-PM Version 1.0 DRAFT Methodology Report  10 

• The postoperative data collection period finalized in the CJR model was 270 to 365 days after 

surgery, and these data were used in the development and testing of this measure. However, 

CORE received extensive input following measure development from clinical experts strongly 

recommending a revision to the postoperative data collection period to better align with clinical 

workflow and typical one-year follow-up scheduling and to allow for better postoperative PRO 

data capture. On this recommendation, we propose measure specifications with a postoperative 

PRO data collection period of 300 to 425 days after surgery. We anticipate, based upon 

extensive stakeholder input, this will result in limited impact to the measure’s scientific 

acceptability while significantly increasing clinical acceptance and potentially response rates. 

The measure outcome defines patient improvement as a binary outcome (yes/no) of meeting or 

exceeding an SCB between preoperative and postoperative assessments on the joint-specific PROMs as 

follows: 

• For THA patients: meeting or exceeding the SCB threshold of 22 points on the HOOS, JR. 

• For TKA patients: meeting or exceeding the SCB threshold of 20 points on the KOOS, JR. 

Risk Adjustment: Through a consensus-based approach, we identified a specific set of candidate clinical 

risk-adjustment factors. The final risk model was developed with input from the TEP and expert 

orthopedic consultants and empirical analyses. The preoperative score of the Mental Health subscale 

from the following global PROMs collected with CJR PRO data is included as one of 19 risk variables in 

the final model: 

• The Patient-Reported Outcomes Measurement Information Systems (PROMIS)-Global,4 or 

• The Veterans Rand 12-Item Health Survey (VR-12).5 

Using the risk model, hospital-specific risk-standardized improvement rates (RSIRs) are calculated, 

producing a performance measure per hospital which accounts for patient case mix and represents a 

measure of the quality of care following primary elective THA and TKA. 

Addressing Potential Response Bias: Analyses examining the impact of missing PRO data were 

conducted and a statistical approach to potential bias in measure results was implemented. Stabilized 

inverse probability weights (IPW) were calculated, applied to the risk model, and reflected in RSIRs. 

Testing: CORE conducted signal-to-noise measure score reliability testing and compared hospital-level 

RSIRs to hospital-level THA/TKA RSCRs to validate the measure score (see below). 

Measure Results 

Among hospitals submitting complete PRO data for at least 25 THA/TKA procedures (N=123), the mean 

RSIR was 60.2%, and the median RSIR was 66.5%, with the 25th and 75th quartiles at 54.4% and 72.5%, 

respectively. Signal-to-noise analysis indicated excellent reliability, with a ratio yielding a median 

reliability score of 0.96 (range 0.90 – 0.99). Measure score validity was supported by a comparison of 

RSIRs to RSCRs for the NQF-endorsed hospital-level THA/TKA complication measure, which revealed a 

stepwise trend indicating that hospitals with “Worse than National Rate” RSCRs had a lower median 
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RSIR and hospitals with “Better than National Rate” RSCRs had a higher median RSIR. Stabilized IPW to 

address potential non-response bias had a limited impact of RSIR results in the data but was retained 

due to the importance of consideration of non-response bias for PRO-based measures. 

This report details the development, testing, and specifications for a valid, reliable, and meaningfully 

patient-centered THA/TKA PRO-PM. 
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1. Measure Introduction 

1.1 Measure Overview 

The Centers for Medicare & Medicaid Services (CMS) contracted with Yale New Haven Health Services 

Corporation – Center for Outcomes Research and Evaluation (CORE) to develop a hospital-level patient-

reported outcome performance measure (PRO-PM) following primary elective total hip arthroplasty 

(THA) and total knee arthroplasty (TKA). The CORE measure development team consisted of a 

multidisciplinary panel of clinicians, health service researchers, and analysts with expertise in outcome 

measure development. 

The development of a hospital-level PRO-PM for evaluating THA/TKA reflects the importance of the care 

and coordination of multiple providers in the clinical outcomes for patients undergoing surgery. Patients 

will not receive outstanding results if surgeons perform the surgery well, but the quality of care 

delivered by others caring for the patients before, during, and after surgery falls short. The goal of a 

hospital-level outcome measure is to capture the full spectrum of care in order to incentivize 

collaboration and shared responsibility for improving patients’ health and reducing the burden of their 

disease. 

1.2 Key Terminology 

There exist many acronyms related to patient-reported outcomes. Throughout this report, we use the 

terminology advanced by the National Quality Forum (NQF): a “PRO” refers to the concept of a patient-

reported outcome; a “PROM” refers to a survey instrument that captures patient-reported outcomes; 

and a “PRO-PM” is a performance measure that uses PRO data to define the measure outcome.6 

1.3 THA/TKA PRO-PM as a Measure of Quality 

Patient-reported outcomes (PROs) assessing health status as a result of care are a critical type of 

outcome needed for healthcare quality assessment. The use of patient-reported outcome measures 

(PROMs), standardized instruments that query patients’ self assessments of their health, provide a 

direct way to capture patients’ experience of care and the results of that care. PROMs can assess 

multiple health domains, including physical health, emotional well-being, and social functioning through 

measuring outcomes relevant to each domain, such as symptoms, functional status, and mental status. 

As a result, they provide rich information on how care affects multiple dimensions of patients’ well-

being. Currently, only PROMs assessing patients’ experience with the healthcare system are widely used 

as performance measures; less frequently used are PROMs that ask patients how the care they received 

affected their health.7 However, there is a strong interest in PROMs for performance measurement 

outlined in the National Quality Strategy (NQS) and the quality domains identified by the National 

Academy of Medicine (previously known as the Institute of Medicine [IOM]).8,9 Patient-centeredness is 

one of the ten principles of the NQS and one of the IOM’s quality domains. 
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Many scientifically sound and well-tested PROMs exist. They fall into two broad categories: 

• Specific instruments (specific to a condition, procedure, or anatomic location) are developed for 

use in groups of patients with specific conditions or undergoing specific interventions. These 

instruments may focus on multiple domains of health or be more narrowly focused on a single 

domain, such as functional status. In either case, these instruments address outcomes that are 

more specific to the condition or the procedure, such as considering only lower extremity pain 

and function following hip or knee surgery. 

• Generic or global tools assess general health-related quality of life. These instruments can be 

used to assess the health status of healthy people or patients with specific or multiple health 

conditions, but they are more general in nature and often assess overall health-related quality 

of life. They typically cover multiple outcome domains. 

PROMs can provide timely information on patient health status, function, and symptoms over time that 

can be used to improve patient-centered care and inform clinical decision making.10 Nevertheless, the 

use of PROMs in clinical practice is still limited. The use of PROMs for national performance 

measurement will require broad adoption of clinical guidelines supporting PRO collection and 

integration into medical decision making.11 

We decided to measure PROs following THA/TKA because they are important, effective procedures 

performed on a broad population, and the patient outcomes for these procedures (such as pain, 

mobility, and quality of life) can be measured in a scientifically sound way,12-25 are influenced by a range 

of improvements in care,26-33 and demonstrate hospital-level variation even after patient case mix 

adjustment.34,35 Further, THA/TKA procedures are specifically intended to improve function and reduce 

pain, making PROs the most meaningful outcome metric to assess. Thus, PRO-PMs for THA/TKA can 

meet NQF’s measure criteria of importance, scientific acceptability, feasibility, and usability. Importance, 

performance, measurement gap, and feasibility and usability are addressed in the sections that follow; 

scientific acceptability will be addressed in the testing section of this report. 

1.3.1 Importance 

Elective THA/TKAs are most commonly performed for degenerative joint disease or osteoarthritis, which 

affects more than 30 million Americans.36 Osteoarthritis accounts for more than half of all arthritis-

related hospitalizations,37 and in 2013 there were approximately 1,023,000 hospitalizations for 

osteoarthritis.38 Knee osteoarthritis is one of the leading causes of disability among non-institutionalized 

adults,39 and roughly 80% of patients with osteoarthritis have some limitation in mobility.40 THA and TKA 

offer a significant improvement in the quality of life by decreasing pain and improving function in a 

majority of patients, without conferring a high risk of complications and/or death.41-44 As the goal of the 

procedures is to improve quality of life, THA and TKA are ideal candidates for assessing PROs.45 

Due to their frequency and cost, THA and TKA are also priority areas for outcome measure 

development. Approximately six million adults aged 65 or older suffer from osteoarthritis.46
 Between 

July 2014 and June 2017, there were a total of 1,021,359 THA and TKA procedures performed on 

Medicare fee-for-service (FFS) patients 65 years and older.47 Estimates place the annual insurer cost of 



 

THA/TKA PRO-PM Version 1.0 DRAFT Methodology Report  14 

osteoarthritis in the United States (US) at $149 billion, with Medicare direct payments to hospitals 

performing THA/TKA exceeding $15 billion annually.48 

Administrative claims-based elective primary THA/TKA risk-standardized complication and readmission 

measures have been publicly reported since 2013, assessing outcomes important to patients and 

clinicians.47 However, neither of these measures capture the reasons for which patients undergo 

elective THA and TKA: Will I have less pain and more mobility after surgery? In short, will my quality of 

life be improved after undergoing the procedure? Therefore, a quality measure based upon PRO data 

provides both patients and providers with a unique and critical perspective on care. 

1.3.2 Performance 

THA/TKA procedures provide a particularly rich testbed for developing quality measures based upon 

patient-reported experiences and piloting performance measures based upon PROMs. These procedures 

are commonly performed in older patients who often experience significant improvements in pain and 

physical function postoperatively. However, not all patients experience these benefits.49 Many patients 

note that their preoperative expectations for functional improvement have not been met.50-53 PRO data 

from the first few years for the Comprehensive Care for Joint Replacement (CJR) model reveal hospital-

level variation in these outcomes across US hospitals, although the full degree and extent of variation is 

unknown. In addition, clinical practice variation has been well documented in the US,54-56 readmission 

and complication rates vary across hospitals,57,58 and international experience documents wide hospital-

level variation in PROMs following THA/TKA.59 United Kingdom (UK) data demonstrates a > 15% 

difference in the proportion of patients improved after surgery across hospitals.60,61 This evidence 

supports examining PROs following THA/TKA. 

1.3.3 Measurement Gap 

This THA/TKA PRO-PM fills an important measurement gap in the assessment of the quality of care given 

to THA/TKA recipients. There are other PRO-PMs addressing total joint replacement, including several by 

Focus on Therapeutic Outcomes, Inc. (FOTO) and one developed by the Minnesota Community 

Measurement group that is in use in the state of Minnesota (NQF #2653). However, the FOTO measures 

use proprietary software and focus on individual joints and not specifically on THA/TKA patients. NQF 

#2653 was developed for TKA recipients only, limiting the measure’s scope, and assesses an average 

change score for all eligible patients within an orthopedic practice. In determining the measure outcome 

definition for the THA/TKA PRO-PM, we heard stakeholder concerns about averaging the changes in 

PROM scores across patients, which can make a hospital with all patients experiencing an average 

improvement appear the same as a hospital where half of the patients do very well while the other half 

do very poorly. 

In addition, the THA/TKA PRO-PM, through the CMS’s prospective data collection, benefited from the 

ability to consider clinically critical risk variables to develop a model that adequately adjusts for patient 

case mix, and reflects a more robust and stakeholder-driven risk model. This measure includes key 

clinical risk variables for a PRO-PM identified by clinical experts and supported by orthopedic 

professional societies, such as health literacy, back pain, and contralateral leg pain. These ensure 



 

THA/TKA PRO-PM Version 1.0 DRAFT Methodology Report  15 

accurate assessment of the index THA/TKA procedure and account for concomitant comorbidities that 

can interfere with PROM interpretation. Furthermore, this measure accounts for non-response bias, a 

critical potential threat to the validity of PRO-PMs; failure to account for it may lead to worsening 

disparities. 

1.3.4 Feasibility and Usability 

THA/TKA procedures provide an opportunity for initiating public reporting of PRO-PMs because there 

are already multiple initiatives expanding their use within the US. There are several efforts led by 

orthopedic surgeons and their professional societies to create regional and national patient registries. In 

addition, the Office of the National Coordinator for Health Information Technology (ONC) and CMS have 

included a process electronic clinical quality measure (eCQM) indicating the use of a THA/TKA PROM in 

the Promoting Interoperability programs and have developed eCQMs to promote THA/TKA PROM data 

collection for the Merit-based Incentive Payment System (MIPS). These initiatives are driven both by an 

interest in improving clinical care and by the need to evaluate long-term device safety, further prompted 

by recent publicized orthopedic device failures.62 

In addition to the fact that orthopedics is advanced in its development and use of validated PROMs for 

research, an elective procedure such as THA/TKA provides a clear time zero (a reference time) for 

measurement: the date of the surgery. This allows the use of a standardized measurement timeframe 

across hospitals. 

1.4 Measure Use 

This measure is intended to measure hospital performance for patients undergoing elective primary 

THA/TKA procedures. It is important to acknowledge that optimal clinical outcomes depend not just on 

the surgeon performing the procedure, but on the entirety of the team’s efforts in the care of that 

patient. Care coordination across provider groups and specialties has an important effect on clinical 

outcomes.63,64 Even the very best surgeon will not get outstanding results if there are gaps in the quality 

of care provided by others caring for the patient before, during, and after surgery. The goal of a hospital-

level outcome measure is to capture the full spectrum of care to incentivize collaboration and shared 

responsibility for improving patients’ health and reducing the burden of their disease. THA and TKA 

procedures provide a suitable environment for optimizing care, as there are many studies indicating 

how providers can improve outcomes of their patients by addressing aspects of pre-, peri-, and 

postoperative care.26-31 

1.5 Approach to Measure Development 

In preparation for measure development, CORE conducted literature reviews examining THA/TKA and 

PROM use to identify and define the technical decisions to be made in building this measure. The team 

also performed a systematic literature review of multivariable risk models predicting THA/TKA PROs to 

inform risk model development. We interviewed experts involved in implementing PROMs for quality 
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assessment, including international experts experienced in national public reporting and US experts 

launching PROMs as part of THA/TKA registries. CORE enlisted a national clinical leader in the field of 

orthopedics, Dr. Kevin Bozic, who served as a consultant to provide clinical input throughout the 

development and testing of this PRO-PM. 

In 2013, concurrent to our work, the ONC contracted with another organization to develop eligible 

clinician-level PRO-PMs based solely on electronic health record (EHR) data to assess outcomes 

following THA/TKA. CORE collaborated with this contractor on early measure development decisions to 

harmonize our work to reduce provider and patient reporting burden and improve the feasibility and 

usability of these measures. Together, we convened a Technical Expert Panel (TEP) for input on the 

measure concept, measure cohort (the patients that will be included in the measure), data collection, 

measure outcome definitions, and risk variables for case mix adjustment. This TEP was reconvened in 

2014 for continued input on measure development work. 

CORE then paused the development of this measure to support CMS’s initiative to collect PRO data from 

patients following an elective primary THA/TKA. With the recognition that there was no available source 

for uniformly collected PRO data in numbers large enough to support measure development, in 

November 2015 CMS established an incentivized, voluntary PRO data collection opportunity within the 

CJR model. Data analyses on PRO data collected, cleaned, and matched to date (during the first three of 

five performance years [PYs]) through the CJR model have informed measure development. 

CORE returned to measure development work on the PRO-PM following submission of PRO data in the 

first few CJR PYs. CORE conducted a preliminary analysis of CJR PRO data, reconvened a TEP with 

returning and new members, and engaged a Patient Working Group and a Technical Advisory Group 

(TAG) comprised of interested clinicians and other experts for further stakeholder input. Overall, this 

measure development process informed the PROM data collection, development of the measure 

specifications (measure cohort, measure outcome including the timing of PROM data collection, 

calculation of the measure outcome, and risk adjustment), and measure testing. 

1.5.1 Early and Interim Development Work 

Prior to initiation of prospective data collection, CORE worked with multiple partners to gain data and 

analytic insight into the development of a THA/TKA PRO-PM consistent with stakeholder input. This 

included data from a medical record review examining risk variable documentation completed by seven 

orthopedic practices nationwide, and analytic work to support validation of novel short form THA/TKA-

specific PROMS to capture variation in hospital-level performance. 

1.5.1a Medical Record Review 

To evaluate the feasibility, uniformity, and reliability of clinical data elements prioritized by orthopedists 

for use in risk adjustment following elective primary THA/TKA, CORE, with assistance from national 

orthopedic professional societies, solicited input from orthopedic practices. Seven practices across the 

country participated. The medical record review consisted of 30 standardized medical record 

abstractions at each practice, requiring the abstractor to collect data on the presence or absence of risk 
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variables in each preoperative record. The abstraction included 27 to 30 individual questions regarding 

11 to 12 specific risk variables, depending upon whether the patient was undergoing THA or TKA, 

respectively. The seven sites provided summary data on 210 total THA/TKA patients (95 THAs, 115 

TKAs). Of the seven orthopedic practices surveyed, five were affiliated with hospitals or hospital systems 

and the mean number of THA/TKA procedures performed annually was 2,329 (range: 158 – 7,578). The 

results of this review can be found in Appendix B. 

1.5.1b Validation Testing of HOOS, JR and KOOS, JR for Hospital Performance 

In response to public comment regarding concern about the burden of PRO data collection with the Hip 

dysfunction and Osteoarthritis Outcome Score (HOOS) and Knee injury and Osteoarthritis Outcome 

Score (KOOS) surveys, CORE worked with the developer of the Hip dysfunction and Osteoarthritis 

Outcome Score for Joint Replacement (HOOS, JR)2 and Knee injury and Osteoarthritis Outcome Score for 

Joint Replacement (KOOS, JR)3 surveys, Stephen Lyman, PhD, at the Hospital for Special Surgery 

Research Institute. In collaboration with Dr. Patricia Franklin, Principal Investigator for the Function and 

Outcomes Research for Comparative Effectiveness in Total Joint Replacement (FORCE-TJR) research 

registry, Dr. Lyman further tested these newly validated surveys to evaluate their ability to assess 

hospital-level performance. These shorter versions greatly reduced data collection burden (from > 40 

questions to six – seven), were non-proprietary, and were developed with the close input of THA/TKA 

patients with the intention of measuring THA/TKA outcomes. This work demonstrated both high 

correlations between pain and function, supporting the fact that these attributes are strongly correlated 

among THA/TKA patients, and hospital-level variation in HOOS, JR and KOOS, JR scores. This finding 

supports their use in a measure of hospital performance. 

1.5.2 Stakeholder Input 

1.5.2a TEP Engagement in 2013 and 2014 

CORE convened a national TEP through a public process in 2013 and 2014. The TEP included clinical and 

methodological experts from several relevant disciplines as well as two patient experts. Four TEP 

meetings were jointly held with Booz Allen Hamilton, the original contractor developing the harmonized 

EHR data-based eligible clinician-level measure under contract from ONC. The purpose of this 

collaboration was to harmonize early measure development decisions for THA/TKA PRO-PMs between 

CORE’s hospital-level and the clinician-level measure(s). The TEP was asked for feedback on a list of 

valid, reliable, and responsive PROMs for patients undergoing THA/TKA identified through literature 

reviews and supported by clinical and methodological experts, and the optimal timeframe for collecting 

PRO data pre and postoperatively. We sought input from the TEP on narrowing a list of candidate risk 

variables for case mix adjustment based on whether the risk variables were evidence based, valid, 

reliable, and feasible for patients and/or providers to report. The TEP was also presented with several 

candidate outcome definitions and asked for feedback on the usability and interpretability (for patients 

and surgeons) of outcomes measuring postoperative change and measuring postoperative symptom 

state. 
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Key input from the TEP included: 

• Strong advocacy for minimizing patient and provider burden (shorter PROMs over longer PROMs 

and non-proprietary over proprietary instruments); 

• Recommendations of two procedure-specific and two global PROMs each for data collection: 

o HOOS and KOOS (procedure-specific PROMs), and 

o Patient-Reported Outcomes Measurement Information Systems (PROMIS) -Global and 

Veterans Rand 12-Item Health Survey (VR-12) (global PROMs); 

• Support by clinicians for the use of separate PRO assessments of pain and function to inform 

clinical decision making; 

• Support for a three-month preoperative assessment timeframe and a postoperative data 

collection timeframe as nine to 12 months post-surgery; and 

• Support for an outcome measure capturing improvement in PROMs. 

1.5.2b Public Comments in 2014 and 2015 

CORE held an interim public comment from March 24, 2014 to April 18, 2014 to gain stakeholder input 

on preliminary measure specifications. In addition, a public comment period was held from July 9,2015 

to September 8, 2015 for input on CMS’s proposal of an incentivized, voluntary PRO data collection 

opportunity as part of the initial CJR model proposed rule. CMS received robust feedback, including a 

consensus statement from the American Association of Orthopaedic Surgeons (AAOS), the American 

Association of Hip and Knee Surgeons (AAHKS), the American Joint Replacement Registry, The Hip 

Society, and The Knee Society recommending a more parsimonious set of PRO data elements and 

prioritized clinical risk variables for incentivized data collection in CJR. Feedback from both public 

comments highlighted the burden of collecting the data elements recommended by the TEP. 

Specifically, the length of the HOOS/KOOS surveys and the number of proposed candidate risk variables 

were identified as concerning. Several orthopedic leaders asked that we consider recently developed 

and validated short-form versions of the HOOS/KOOS surveys. 

1.5.2c TEP, TAG, and Patient Working Group Engagement in 2018 Through 2020 

CORE reconvened a national TEP, and engaged a TAG (composed of those not selected for the TEP) and 

a Patient Working Group, in 2018. The TEP, comprised of participants continuing their involvement from 

the earlier TEP for this measure and newly selected TEP members to replace prior members not 

returning, was convened to help finalize measure specifications and provide input on testing for the 

hospital-level measure. Due to the considerable number of nominations for the TEP, CORE had the 

opportunity to create a TAG which, like the TEP, was composed of expert clinicians, methodologists, and 

researchers. The Patient Working Group was engaged with the assistance of the National Partnership for 

Women and Families. Members of this group were patient experts with experience undergoing THA(s) 

or TKA(s). 
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 Key input from stakeholders included: 

• Strong TEP support for capturing improvement in the measure outcome using a threshold 

approach; 

• TEP support for using pre-defined substantial clinical benefit (SCB) thresholds of improvement 

on the HOOS, JR and the KOOS, JR from preoperative to postoperative assessments; 

• Mixed support from the TEP and the TAG for consideration of a measure outcome using only 

joint-specific PROMs versus one that also includes a global PROM; 

o Mixed support for the relative importance of the PROMIS-Global Physical Health 

subscale or the PROMIS-Global Mental Health subscale (or equivalent VR-12 subscales); 

o Some suggestions of including mental health as a risk factor rather than an element of 

the outcome; and 

o A few TEP members voiced concern over whether the PROMIS-Global PROM was the 

appropriate instrument for capturing change in the quality of life following elective 

primary THA/TKA due to its focus on physical and mental health, rather than a formal 

health-related quality-of-life assessment. 

• TEP and TAG recommendations for specific assessment of outcome disparities and the impact of 

social risk; 

• TEP voiced concerns about combining the THA and TKA cohorts for one measure; and 

• TEP support for the risk model and for accounting for social risk factors in the analytic approach 

to non-response bias. 

Key input from the Patient Working Group included: 

• Strong support for the inclusion of a global PROM measuring change in quality of life following 

THA/TKA in the outcome; 

• Support for the defined SCB thresholds for the HOOS, JR and KOOS, JR; 

• Support for combining the THA and TKA cohorts; and 

• Support for the risk model and for accounting for social risk factors in analytic approach to non-

response bias. 

1.5.2d Stakeholder Feedback Following Measure Development and Testing in 2020 and 2021 

In Spring 2020, CORE convened an Orthopedic TEP and an Orthopedic Clinical Working Group to provide 

input across CMS’s elective primary THA/TKA measures. The Orthopedic TEP was comprised of clinical 

experts, measure development experts, and THA/TKA patients. The Orthopedic Clinical Working Group 

was comprised of four members, each nominated by one of the orthopedic professional societies 

(AAOS; AAHKS; The Hip Society; and The Knee Society). Dr. Kevin Bozic, our CORE Expert Clinical 

Consultant, regularly participated in meetings with both the Orthopedic TEP and the Orthopedic 

Clininical Working Group.. 

During engagement with these groups, CORE received input regarding the experience of PROM data 

collection through CJR. Clinical experts expressed concern that the postoperative window established 

for CJR PRO data collection (270 – 365 days following THA/TKA surgery), set to align with typically 
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scheduled one-year post-surgery appointments, required the capture of PRO data no later than 365 days 

or one year. Appointments scheduled any later than one year, or missed appointments rescheduled 

beyond one year, occurred too late for eligible PRO data collection. Clinical experts strongly 

recommended extending or shifting the postoperative data collection timeframe to better align with the 

clinical workflow and follow-up scheduling and to increase postoperative PRO data capture. 
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2. Methods 

2.1 Overview 

The principal data for the development and testing of this measure were PRO data and patient- and 

provider-reported risk variable data collected and submitted by CJR participant hospitals for elective 

primary THA and TKA procedures. Patients with complete preoperative and postoperative PRO and risk 

variable data were included in the dataset used for the development and testing of this measure. We 

randomly split the dataset into the Development (60%) and Validation (40%) Datasets for risk model 

development and validation as well as the measure calculation and testing. Next in this report we 

present detailed data sources, measure specifications, measure development methods, and rationale 

for measure development decisions. 

2.2 Data Sources 

The principal data for this THA/TKA PRO-PM are PROM and risk variable data collected from hospitals 

and derived from CMS administrative claims data. PRO and additional risk variable data are collected for 

patients by CJR participant hospitals prior to an elective primary THA/TKA, and PRO data are collected 

again following surgery. Eligible THA/TKA procedures for the measure cohort and candidate risk 

variables, including patient demographics and clinical comorbidities for 12 months prior to surgery, are 

identified using the CMS administrative claims data to align with the THA/TKA complication measure. 

Three additional data sources were used: the Medicare Enrollment Database (EDB) was used to assess 

Medicare FFS enrollment and race, the Master Beneficiary Summary File (MBSF) was used to determine 

dual eligibility status, and the Agency for Healthcare Research and Quality (AHRQ) socioeconomic status 

(SES) index score was derived from American Community Survey data. Data from these sources were 

linked for patients undergoing elective THA and TKA procedures during the measurement period. 

Patients with complete preoperative and postoperative PRO and risk variable data were included in the 

dataset used for the development and testing of this measure. 

2.2.1 Collection of PRO Data with CMS’s CJR Model 

In the absence of a data source for THA/TKA PROs that was uniformly and consistently collected across 

many hospitals, contained stakeholder-prioritized risk variables, and could be generalizable to US 

Medicare beneficiaries, CMS incentivized the collection of PRO data by participant hospitals within the 

CJR model to provide data on a sample of patients undergoing elective primary THA/TKA for PRO 

collection. Per the 2015 Final Rule, CMS determined that this approach would provide hospital-level PRO 

data representative of THA/TKA procedures conducted in hospitals, from hospitals representative of the 

case mix experienced at various hospitals nationwide. Data would be consistently collected at the 

hospital level, containing risk variables identified by orthopedists as important for risk-adjustment 

consideration, and allow for the assessment of a set of “parsimonious” data elements so as to minimize 
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the burden for patients, surgeons, and hospitals. These data would be used for the development of a 

THA/TKA PRO-PM. 

Timing for preoperative PROM and risk variable data collection was set for 90 to zero days prior to the 

elective primary THA/TKA procedure, and the timing of postoperative PROM data was set for 270 to 365 

days following the procedure. Patient identifiers (to allow matching of pre- and postoperative PRO data 

and to match PRO data to claims data) were likewise collected preoperatively and postoperatively. 

CMS incentivized submission of these PRO data by awarding CJR participant hospitals extra points 

towards their composite quality score, which could positively affect model reconciliation payments. CMS 

implemented a five-year data collection plan, commencing in 2016. Requirements for successful 

submission of PRO data for eligible elective primary THA/TKA procedures as identified by CMS in the 

2015 Final Rule are provided in Table 1. 

Table 1. Minimum Case Requirements for Eligible Procedures in Each PY for Successful PRO and Risk 
Variable Data Collection in CJR 

Performance Year  Eligible THA/TKA Procedure Timeframe Submission Requirements 

1 July 1, 2016 – August 31, 2016 ≥ 50% or ≥ 50 eligible procedures 

2 September 1, 2016 – June 30, 2017 ≥ 60% or ≥ 75 eligible procedures 

3 July 1, 2017 – June 30, 2018 ≥ 70% or ≥ 100 eligible procedures 

4 July 1, 2018 – June 30, 2019 ≥ 80% or ≥ 200 eligible procedures 

5 July 1, 2019 – June 30, 2020 ≥ 80% or ≥ 200 eligible procedures 

Complete data specifications for the development data collection as part of CJR are presented in 

Appendix C. Data are entered by CJR participant hospitals into a standardized macro-enabled template 

for uniform data submission. The template and accompanying data entry instruction materials guide 

hospital users in the collection and submission of required data elements. The use of short-form PROMs 

(HOOS, JR or KOOS, JR, plus VR-12 or PROMIS-Global) minimize provider and patient burden. 

2.3 Measure Cohort 

The cohort for this measure is harmonized with CMS’s Hospital-level Risk-standardized Complication 

Rate (RSCR) Following Elective Primary THA and/or TKA Measure. Detailed measure specifications for 

the existing administrative claims-based complication measures are publicly available in the Hospital-

level Risk-standardized Complication Rate Following Elective Primary THA and/or TKA Measure 

Methodology Report65,66 on the CMS Measure Methodology webpage. The inclusion and exclusion 

criteria are summarized below. 

2.3.1 Inclusion Criteria 

• Enrolled in Medicare FFS Part A and Part B for the 12 months prior to the date of the index 

admission and enrolled in Part A during the index admission. 

• Aged 65 or older. 

https://www.cms.gov/Medicare/Quality-Initiatives-Patient-Assessment-Instruments/HospitalQualityInits/Measure-Methodology
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• Discharged alive from non-federal short-term acute care hospital. 

• Elective primary THA/TKA procedures only (patients with fractures and revisions, malignant 

neoplasms, or mechanical complications are not included) 

These inclusion criteria are harmonized with CMS’s existing measure cohort for the 90-day hospital-level 

RSCR measure.47 

Rationale for Elective Primary THA/TKA Procedures 

Patients who undergo an elective primary THA or TKA procedure tend to differ in health status from 

patients requiring non-elective lower joint procedures. Patients who present urgently for non-elective 

THA or TKA procedures, such as those with hip fractures, tend to be frailer and carry a greater 

comorbidity burden than their peers undergoing elective primary THA/TKA procedures. As such, they 

represent a distinct clinical population not appropriate for inclusion in a performance measure of 

elective primary THA/TKA. Furthermore, these patients cannot easily complete preoperative PROMs, a 

critical piece of information to gauge response to surgery. Similarly, patients undergoing non-primary 

procedures, such as revision THA/TKA, have experienced complications from their primary procedure 

and are receiving a salvage procedure. 

Also, a PRO-PM will likely be most useful for patients who are undergoing an elective primary THA/TKA 

and who consequently have the greatest freedom to choose the hospital at which to have the surgery. 

As elective primary THA/TKA are preference-sensitive procedures, shared decision making is an 

important part of the care process. Patients and providers can decide when to conduct the surgery and 

what steps patients need to engage in before and after surgery to optimize outcomes. 

Therefore, like the measure cohorts for CMS’s THA/TKA complication and readmission measures, we 

recommend excluding all patients presenting with a relevant anatomic lower extremity or a pelvic 

fracture or bony metastasis, those undergoing revision procedures, those requiring removal of 

hardware, and those requiring THA/TKA surgery due to a prior mechanical complication. This cohort will 

best reflect the care provided by the hospital performing the elective primary THA/TKA procedure as 

well as ensure appropriate risk adjustment across a more homogeneous group of patients. 

2.3.2 Exclusion Criteria 

• Patients with staged procedures, defined as more than one elective primary THA or TKA 

performed on the same patient during distinct hospitalizations during the measurement period. 

• Patients who were discharged against medical advice. 

Rationale for Exclusion of Staged Procedures 

The overlapping recovery periods for staged procedures occurring within one year of each other has two 

consequences that set patients experiencing staged THA/TKA procedures apart from patients 

experiencing unilateral or bilateral procedures: 1) the recovery from one procedure may negatively 

impact recovery from the other procedure; and 2) it may be challenging to fully distinguish the recovery 
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for either of the procedures from the other with postoperative PRO data. For these reasons, patients 

with staged procedures during the measurement period are excluded from the cohort. 

2.3.3 Measuring THA and TKA PROs Together 

An additional consideration for the THA/TKA PRO measure cohort was whether to combine THA and TKA 

procedures into one combined measure or to report them separately. During measure development of 

the claims-based THA/TKA measures, CORE found that hospital readmission and complication rates 

were similar for the two procedures, and, at many hospitals, the staff involved in the care of these two 

patient groups were the same. For these reasons, and to ensure adequate case volume to allow 

calculation and reporting of reliable hospital-level performance, CMS combines THA and TKA procedures 

in the readmission and complication measures. 

During measure development, our clinical experts advised us that the recovery course differs for 

patients undergoing THA compared with TKA. However, although rehabilitation following TKA is more 

complicated and lengthier than recovery following THA,67-70 these clinical experts agreed that time to 

the postoperative data collection window allowed both THA and TKA patients to realize a complete 

recovery. 

We examined separate and combined risk models for THA and TKA procedures using patient 

demographic and clinical risk variables. We found that model performance and risk prediction were 

similar or better in the combined model as compared to the THA- or TKA-only models. 

2.4 Measure Outcome 

The measure defines patient-level improvement as a binary outcome (yes/no) of whether or not the 

change in PROM score between preoperative and postoperative assessment meets or exceeds the SCB 

on the joint-specific PROMs, defined as follows: 

• An increase of 22 points or more on the HOOS, JR for THA patients, or 

• An increase of 20 points or more on the KOOS, JR for TKA patients. 

The numerator is the risk-adjusted proportion of patients undergoing an elective primary THA/TKA that 

meet or exceed the SCB on the HOOS, JR or KOOS, JR from preoperative to postoperative assessment. 

The PRO preoperative and postoperative data collection periods are as follows: 

• Preoperative PRO data collection: PROM and risk variable data will be collected between 90 and 

zero days before surgery. 

• Postoperative PRO data collection: PROM data will be collected between 300 to 425 days 

following surgery. 

While the postoperative data collection period finalized in the CJR model was 270 to 365 days after 

surgery, CORE received extensive input from clinicians on the Orthopedic TEP and the Orthopedic 

Clinical Working Group recommending a revision to the postoperative data collection period to better 
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align with clinical workflow and follow-up scheduling and to allow for better postoperative PRO data 

capture. Suggestions included the extension of the postoperative data collection window by one or two 

months, and/or shifting the postoperative data collection window to provide two months prior to and 

following the typical one-year post-surgery follow up to allow for improved capture of PRO data. CORE is 

recommending the latter suggestion of postoperative PRO data collection following elective primary 

THA/TKA from 300 to 425 days (10 – 14 months) following surgery. This minor alteration better aligns 

with clinical practice patterns and allows for scheduling flexibility around the one-year surgical 

anniversary. Therefore, while the results presented in this report represent data collected between 270 

to 365 days following surgery, we propose measure specifications with a postoperative PRO data 

collection period of 300 to 425 days after surgery. 

Rationale for Selection of PROM Instruments 

In order to select PROMs suitable for use in hospital-level performance measures, we performed an 

environmental scan and literature review to identify existing PROMs23 and assess their performance 

characteristics in THA/TKA patients based upon published criteria.10,71,72 We also consulted a range of 

clinical and orthopedic quality measurement experts regarding their experience collecting PROM data 

from THA/TKA patients. A list of candidate PROMs identified as valid, reliable, and responsive 

assessments of patient-reported outcomes in patients undergoing THA/TKA was assessed, including: 

• PROMIS-Global; 

• PROMIS-29; 

• EuroQOL-5D (EQ-5D); 

• Medical Outcomes Study (MOS) Short Form (SF)-36 and Veterans Rand (VR)-36; 

• MOS Short Form (SF)-12 and VR-12; 

• MOS Short Form (SF)-8; 

• Continuity Assessment Record and Evaluation (CARE) Item Set C – Section II: D Pain and E 

Mobility; 

• Oxford Hip and Knee Scores (OHS and OKS); 

• HOOS and KOOS; and 

• The Western Ontario and McMaster Universities Arthritis Index (WOMAC). 

Clinical experts, the TEP, and representatives from industry, academia, clinical orthopedics, and 

rehabilitation at a 2012 Food and Drug Administration (FDA) public meeting recommended that both a 

global PROM and procedure-specific PROMs be used to capture the full spectrum of relevant risk 

variables (such as mental well-being) and outcomes (such as functional status).73 Joint-specific PROMs, 

the HOOS and the KOOS, were selected. The HOOS and the KOOS include 40 and 42 questions, 

respectively, regarding hip- or knee-related symptoms and pain, physical function, and quality of life 

that are specific to the experience of patients with hip or knee pain, respectively.74 For global health 

assessment, the PROMIS-Global and the VR-12 were initially considered. The PROMIS-Global is a ten-

question survey that addresses physical, mental, social, and global health domains.4 The VR-12 is a 12 

question survey that assesses similar domains and summarizes the score using Physical Health Summary 
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Measure and Mental Health Summary Measure scores.5 These surveys are considered “global” PROMs 

in that they assess general aspects of health and well-being and are not specific to THA/TKA patients. 

In addition, the TEP highlighted that the ideal combination of instruments should consider the needs of 

individuals with lower levels of education, English language skills, literacy, and numeracy.75 The PROMs 

selected by the TEP represent validated, non-proprietary PROMs that have either been tested in 

patients undergoing THA/TKA or, in the case of the PROMIS-Global, undergone rigorous testing during 

development with plans to test in patients undergoing THA/TKA. 

Following initial PROM selection, CMS received feedback from stakeholders that the 40 or more 

questions required to complete the HOOS or KOOS instruments were too burdensome for national 

adoption. Both an AAHKS-convened PRO Summit for Total Joint Arthroplasty and the public comment 

for CMMI’s CJR model revealed broad stakeholder support for shifting to less burdensome instruments. 

The HOOS, JR and KOOS, JR instruments were proposed by a consensus group of stakeholders through 

public comment as alternatives. Based on this broad public input and the CJR Federal Rule, finalized 

either the HOOS pain and function, daily living subscales or the KOOS stiffness, pain, and function, daily 

living subscales or the HOOS, JR and KOOS, JR forms as the joint-specific PROM, along with either the 

PROMIS-Global or VR-12 PROMs, to be submitted in order to successfully meet the criteria for voluntary 

PRO and risk variable data submission for the CJR model. 

More recent stakeholder input and data analysis have led the measure developers to recommend a 

measure outcome using the joint-specific PROMs only at this time. While the Patient Working Group 

supported inclusion of PROMs in the measure outcome to assess improvement in overall quality of life, 

the TEP and TAG could not reach a consensus on the inclusion of a global PROM in addition to a joint-

specific PROM in the measure outcome, and several stakeholders across groups questioned the 

selection of the PROMIS-Global as the best measure for assessing the quality of life following elective 

primary THA/TKA. In addition, preliminary data analysis suggested that the PROMIS-Global Physical 

Health and Mental Health subscales were not as responsive and demonstrated smaller improvements 

than the joint-specific PROMs. Thus, the global health instruments were not used for outcome 

measurement. We do, however, include the preoperative Mental Health subscale score derived from 

these global health instruments as a risk variable (see Section 2.6). 

Rationale for Measure Outcome Definition and SCB Thresholds 

In selecting a measure outcome definition, CORE considered stakeholder input, methodological 

concerns, anticipated approaches to publicly reporting hospital performance, and potential unintended 

consequences. The result must provide stakeholders with a usable, understandable metric for evaluating 

hospital quality that can also provide the level of detail needed by physicians and hospitals to optimize 

patient-centered decisions at the point-of-care, capture variation in patient outcomes among hospitals 

that reflects differences in care quality, and support ongoing quality improvement efforts in a timely 

manner. All consulted experts and the TEP strongly endorsed a measure that assessed improvement 

between the preoperative and postoperative health states (versus postoperative health status) as 

critical to creating a meaningful outcome measure for this patient population. With TEP support, an 
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improvement threshold approach to the outcome (over averaging change among patients) was chosen 

for the following reasons: 

• It measures improvement only and discourages surgeons from performing THA/TKA procedures 

on patients with milder symptoms, as patients with high preoperative PROM scores inherently 

cannot meet the improvement threshold; 

• It equally rewards hospitals performing THA/TKA on patients with moderate and severe 

symptoms, as it does not define an “end state” that patients must achieve, only substantive 

improvement from where they started; 

• Avoids creating what is known as a ceiling effect, where many patients can meet the outcome 

criteria, that decreases the ability of the measure to identify performance variation; and 

• It has less risk of unintended consequences. Specifically, we were concerned that requiring 

patients to meet a postoperative minimum symptom state would encourage hospitals and their 

surgeons to avoid offering THA/TKA surgery to anyone with severe pain and/or limited function, 

the people most in need of surgery. 

CORE evaluated improvement thresholds for the HOOS, JR and KOOS, JR. One approach considered for 

defining a minimum change threshold was to use 0.5 of the standard deviation (SD). In this method, 0.5 

SD of the mean preoperative PROM score for all patients in the sample is calculated. Improvement is 

identified as a postoperative PROM score which is equal to or greater than the sum of the preoperative 

score plus the 0.5 SD. Another approach considered was a fixed threshold among those identified by the 

developers of the HOOS, JR and KOOS, JR, who identify an anchor-based minimal clinically important 

difference (MCID) (18 points for HOOS, JR and 14 points for KOOS, JR) and an anchor-based SCB (22 

points for HOOS, JR and 20 points for KOOS, JR) for both PROMs using a similar population of THA/TKA 

recipients, although with a two-year follow-up instead of a one-year follow-up.76 The MCID reflects the 

smallest change a patient would identify as reflecting a change in their health, while the SCB is the 

amount of change a patient would identify as “great improvement” following the procedure.77 As the 

PROM data collected for the THA/TKA PRO-PM did not include an anchor question, in order to minimize 

patient and provider burden, these anchor-based thresholds presented valid alternatives. 

We calculated patient-level change in PROM scores between the preoperative and the postoperative 

PROM scores using the 5% SD and the MCID and SCB thresholds proposed by Lyman and colleagues. 

Improvement was defined as a binary outcome of meeting or exceeding a threshold (yes) or not (no) 

following the THA or TKA procedure. We then calculated the percentage of patients meeting or 

exceeding improvement at each threshold at the hospital level for a review of the distribution of 

unadjusted observed hospital outcomes. Preliminary data analysis indicated that most patients met the 

0.5 SD threshold with limited variation among hospitals. Also, because the “amount” of change is 

calculated using in-sample statistics, the target threshold can and likely will change over time which 

complicates quality improvement efforts by hospitals. Likewise, the MCID thresholds did not appear to 

capture the substantial change that patients in our Patient Working Group told us patients expected for 

such a procedure. 
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Based on our analyses of published literature and measure development data and with considerable 

stakeholder input, CORE determined that SCB thresholds for the HOOS, JR (22-point change) and the 

KOOS, JR (20-point change) best met the criteria: 1) understood by patients, providers, and 

stakeholders; 2) clinically meaningful to patients; and 3) capture variation in patient outcomes among 

hospitals that reflects differences in care quality among hospitals. 

Rationale for 90 to Zero Day Preoperative PROM Data Collection 

Clinical experts agree that preoperative PROM data provides not only a baseline assessment of the 

patient’s preoperative health status but also can provide critical risk variables for predicting how that 

patient will respond to surgery. Many US registry-based efforts to collect PROM data do not specify that 

preoperative PROM data be collected within a defined window. Clinical experts noted that PROM data 

collected too far in advance of THA/TKA may not accurately reflect patients’ baseline statuses before 

surgery, although there are limited data to inform the selection of an appropriate preoperative data 

collection window. PROMs collected prior to elective primary THA/TKAs — which are most often 

performed for osteoarthritis, a chronic, slowly progressive, degenerative joint process — are unlikely to 

vary much in the immediate preoperative time period.78 

In collaboration with our TEP, we evaluated two potential timeframes for collecting preoperative data 

for this measure: within 90 days before surgery and within 30 days before surgery. We selected these 

specific options because 1) there is precedent for a 90-day data collection timeframe and 2) clinical 

experience demonstrates higher response rates and greater physician agreement with a shorter 

preoperative PROM data collection timeframe.79 Clinical experts noted that a 30-day window 

corresponds to The Joint Commission requirement for a history and physical examination within 30 days 

of surgery.80 However, the TEP recommended a 90-day preoperative window for data collection. All 

surgeons on the TEP believed that elective primary THA and TKA candidates were unlikely to have 

significant changes in preoperative PROM scores within 90 days of surgery, and indicated the additional 

time to collect data would increase response rates, particularly as the precise data collection mechanism 

has yet to be specified and is likely to vary across hospitals and surgical practices. 

Rationale for 300 to 425 Day Postoperative PROM Data Collection 

Postoperative PROM collection ranges from as early as three months after surgery to several years after 

surgery.81-83 Regional and national registries most commonly collect PROM data within six to 12 months 

following THA/TKA, and clinical experts and published literature indicate that full clinical rehabilitation is 

often not reached until one year after surgery.84,85 

We performed a systematic literature review to examine the differences in PROM results at different 

time points after surgery: three-, six-, and 12-months post-surgery. In total, we identified seven articles 

that collected PROM data at both three and six months postoperatively.84-90 Of these seven, only one 

found both statistically and clinically meaningful differences between preoperative and three-month 

postoperative PROM assessments; the remaining studies demonstrated continued clinical 

improvements between three and six months after surgery. We identified five articles that collected 

PROM data at six and 12 months after THA/TKA.84-86,90,91 Johansson et al. found that WOMAC scores at 
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six months after THA were no different than those at 12 and 24 months after THA. Three studies of TKA 

recipients demonstrated continued improvement at three, six, and 12 months after surgery.84,85,90 PROM 

data from the New Zealand Joint Registry demonstrate six-month PROM results are highly correlated 

with revision rates within two years following THA/TKA,81 indicating that PROM results collected as early 

as six months following THA/TKA may be adequate for the purposes of quality measurement, even if the 

patients have not reached their final functional statuses. 

There has been a consensus among the surgeons on the TEP that THA patients improve more quickly 

postoperatively than TKA patients, although a TEP member noted that total joint replacement data 

support that many THA and TKA patients show clinically significant improvement at six months. Some 

surgeons advocate early PROM assessment after surgery to inform clinical decision making and the need 

for further surgical intervention. Others advocate assessments at six and/or 12 months after surgery to 

assess clinical improvement. A majority of clinicians providing input on the measure identified a one-

year follow-up anniversary for long-term assessment after THA/TKA surgery. 

With regards to data collection, both published literature90 and anecdotal experience of THA/TKA 

surgeons collecting PROM data indicate that response rates decline over time and the losses to follow-

up three to six months after THA/TKA are not negligible. In addition, these losses may be greater among 

under-resourced patient populations. This finding differs from the UK experience, where response rates 

were higher among patients living in lower socioeconomic areas, but is consistent with experience in 

clinical areas outside orthopedics collecting PROMs.92-95 

During early measure development in 2013 and 2014, input from TEP members, public comments, 

literature, and registry experiences informed the initial decision to define the postoperative PROM data 

collection timeframe as between 270 days and 365 days following THA/TKA. This time period was 

finalized for voluntary CJR PRO and risk variable data collection and the measure testing results in this 

report reflect these data. The TEP concurred with this data collection window. 

More recent stakeholder input, following several years’ experience of PRO data collection through the 

CJR model, reflects concern that the postoperative data collection window established for PRO data 

collection in CJR limits postoperative data collection. Clinical experts on the Orthopedic TEP and the 

Orthopedic Clinical Working Group convened by CORE in 2020 expressed concern that the 365-day 

upper limit on postoperative data capture missed patients who schedule “one-year follow-up” 

appointments beyond 12 months after surgery. They strongly advocated for revising the postoperative 

data collection window to better align with clinical practice. Therefore, the final measure specifications 

for this measure define the postoperative PROM data collection timeframe as between 300 days and 

425 days following THA/TKA. We believe this timeframe will capture patients’ full improvement and 

align with one-year follow-up visits. 

2.5 Attribution 

This THA/TKA PRO-PM is a hospital-level measure, intended to attribute patient improvement to the 

inpatient facility which performed the procedure. This attribution reflects the importance of the care 
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and coordination of multiple providers in the clinical outcomes for THA/TKA patients. The goal of this 

measure is to capture the full spectrum of care in order to incentivize collaboration and shared 

responsibility for improving patients’ health and reducing the burden of their disease. 

2.6 Risk Adjustment 

Risk adjustment is applied to outcome measurement to account for patient characteristics and other 

medical conditions that are clinically relevant, related to the outcome, and outside of the control of the 

hospital. Risk adjustment puts measured entities on a level playing field when comparing performance 

across providers. Accounting for these risk factors allows differences in quality of care to emerge. 

We identified an extensive list of risk variables for consideration in the development of the risk model(s) 

through a systematic literature review and environmental scan, as well as from orthopedists surveyed 

about what risk variables they consider important in predicting THA/TKA outcomes. In consultation with 

our expert clinical consultant and the TEP, and through detailed public comments from specialty 

societies, we focused on candidate risk-adjustment variables of interest that were clinically relevant and 

had an evidence-based relationship with clinical outcomes following elective primary THA or TKA. 

Likewise, we considered several potential data sources, including administrative claims, registry- or 

clinician-provided data, and patient-reported sources. 

We used the comprehensive list of candidate risk variables obtained through expert and public input to 

survey our TEP on their assessment of each risk variable’s priority (survey results in Appendix D). In 

addition, as noted above, we collaborated with orthopedic societies and individual orthopedic practices 

to conduct a medical record review to evaluate the feasibility, uniformity, and reliability of clinical data 

elements prioritized by orthopedists by performing a medical record review at seven practices across 

the country (Appendix B). 

The candidate risk variables were categorized and prioritized according to the following criteria: 

• Availability: Estimate of availability of data based upon existing data sources and/or results of 

pilot feasibility assessment; 

• Importance: Estimate of the clinical importance of risk variable based upon published literature 

and clinical expert input, including the TEP; 

• Ease of Collection: Estimate of time and effort (patient and provider) to collect risk variable 

beyond the additional burden of de novo collection of the PROM surveys; 

• Reliability: Estimate of reproducibility of risk variable across providers and patients; and 

• Validity: Estimate of how well the risk variable captures the intended clinical assessment. 

Not all candidate variables prioritized in our stakeholder survey were included in CJR. The AAHKS and 

AAOS held a joint in-person PROs Summit for Total Joint Arthroplasty on August 31, 2015, to create a 

consensus-based parsimonious list of prioritized risk variables for inclusion in CJR that eliminated some 

high-priority variables considered less feasible and/or reliable at this time. This was submitted as part of 

the public comment on the proposed CJR model. 
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The final list of risk variables selected for CJR PRO data collection is provided in Appendix C. In addition 

to these risk variables, all diagnostic codes from administrative claims during the 12 months prior to the 

THA/TKA procedure or secondary diagnosis codes during the index admission, except those associated 

with potential complications during the index admission, were evaluated for possible inclusion in the 

risk model (see Appendix E). 

The final risk variables included in the risk model are as follows: 

• Age, in years 

• Male sex 

• BMI, in kg per m2 

• Health literacy (assessed by response to Single Item Literacy Screener questionnaire, “Comfort 

Filling Out Medical Forms by Yourself”) 

• Back pain at preoperative assessment (Quantified Spinal Pain: Patient-reported Back Pain, 

Oswestry Disability Index question)96,97 

• Pain in non-operative lower extremity joint (Total painful joint count: Patient-reported in Non-

operative Lower Extremity Joint)97 

• Narcotic use for >90 days 

• Baseline PROMIS-Global Mental Health subscale score 

• Severe infection; other infectious diseases (CC 1, 3-7) 

• Liver disease (CC 27-31) 

• Diabetes mellitus (DM) or DM complications (CC 17-19, 122-123) 

• Rheumatoid arthritis and inflammatory connective tissue disease (CC 40) 

• Depression (CC 61) 

• Other psychiatric disorders (CC 63) 

• Coronary atherosclerosis or angina (CC 88-89) 

• Vascular or circulatory disease (CC 106-109) 

• Renal failure (CC 135-140) 

The baseline PROMIS-Global Mental Health subscale score, noted in the list above, was included 

following the suggestion by several stakeholders that this subscale might be a better fit for risk 

adjustment than for outcome measurement. Published literature supports mental health as a predictor 

of THA/TKA outcomes. This mental health subscale score is measured using one of the two following 

global PROMs: 

• The PROMIS-Global, or 

• The VR-12 Health Survey. 

Global PROM data collected using the VR-12 is linked to PROMIS-Global scores using a crosswalk created 

by PROsetta Stone.98 This allows for aggregating global PROM results regardless of the global PROM 

used for collecting PRO data. 
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Rationale for Risk Adjustment 

The principles underlying the assessment of individual risk variables in the context of risk model 

development are summarized below: 

• The goal of risk adjustment is to account for patient characteristics that are reasonably beyond 

the control of the hospital. Therefore, risk variables must represent clinically important risk 

predictors; that is, they must be predictive of the outcome (in this case, the change in PROs after 

THA/TKA) and reasonably beyond hospital control. 

o The goal is not perfect risk prediction — this would imply that the hospital has no effect 

on clinical outcomes (that is, all variation is entirely explained by patient characteristics 

and healthcare providers have no effect on clinical outcomes). We know this is not true 

— providers can improve care and outcomes by active quality improvement efforts 

(such as patient education; adjustments to patient care before, during, and after 

surgery; etc.). 

• Risk variables must be feasible to collect and report. If a variable creates a data collection 

burden to patients, surgeons, hospitals, or the healthcare system, the incremental value of 

including the variable in the risk model should significantly outweigh the burden. 

o The definition of burden is subjective. This measure can only be implemented by 

requiring that hospitals, surgeons, and patients collect the PROM and relevant risk 

variables data both before and after the THA/TKA. The TEP recommended that we 

collect both a global PROM (the PROMIS-Global or VR-12) and a hip- or knee-specific 

PROM (the HOOS, JR or KOOS, JR). It is our goal to minimize any additional data 

collection requirements beyond the PROM surveys, if possible. 

• Risk variables must be reliably and consistently defined so the risk variables carry the same 

information across all patients and hospitals. 

2.6.1 Social Risk Factors 

Our goal in selecting risk factors for adjustment was to develop a parsimonious model that included 

clinically relevant variables strongly associated with achieving the SCB following an index procedure. We 

used a two-stage approach, first identifying the comorbidity or clinical status risk factors that were most 

important in predicting the outcome, and then considering the potential addition of social risk factors. 

While health literacy also reflects social risk, our patient and technical experts strongly supported 

including health literacy in the risk model for a PRO-based measure, due to the nature of PRO data 

requiring patients to complete survey instruments as part of the measurement. For this reason, we 

included it in the candidate risk variable list during the initial stage of risk variable selection and in the 

final risk model. 

To explore the impact of social risk on the measure outcome, we tested associations of dual eligibility 

and the AHRQ SES index lowest quartile (low SES) with the achievement of the SCB improvement 
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following elective primary THA/TKA. Likewise, we included race in our social risk factor analyses based 

upon literature specifically documenting racial and ethnic disparities in THA/TKA offer and acceptance 

rates, as well as outcomes.99,100 

We examined the associations of dual eligibility, low SES, and race with the measure outcome using the 

Development Dataset with bivariate and multivariate analyses. Bivariate and multivariate analyses 

showed no statistically significant association between non-white race and SCB improvement, or low SES 

and SCB improvement; dual eligibility was borderline significant at the bivariate level and statistically 

significant in the risk model (see Section 3.3.1, Table 6 and Table 7). However, accounting for these risk 

factors in the model had little effect on hospital-specific risk-standardized improvement rates (RSIRs). 

When RSIRs calculated with no social risk factors in the risk model were compared to RSIRs calculated 

with each of the three risk factors individually included in the risk model, correlation coefficients 

indicated near perfect correlation in our data (see Section 3.3.1, Table 8). 

Additional analyses of hospital proportion of dual eligible patients by hospital RSIRs (see Section 3.3.1, 

Figure 2) indicate that hospitals with the lowest proportion of dual eligible patients and those hospitals 

with the highest proportion of dual eligible patients have similar RSIR distributions. These data do not 

provide evidence of significant differences in RSIRs due to the proportion of a hospital’s patients with 

dual eligibility. 

Given these results, we have not included dual eligibility, AHRQ SES index, or non-white race in the risk 

model(s) at this time. However, given the associations between social risk factors and response in our 

data and supported by published literature,101-103 we have included these social risk variables in the 

statistical approach to addressing non-response bias (see Section 2.7.1 below). In addition, due to 

existing disparities in access to and outcomes for THA/TKA, the TEP and other stakeholders strongly 

urged CMS to consider accounting for social risk in measure implementation (such as through 

stratification) to avoid unintended consequences. We will continue to assess the impact of social risk on 

this measure moving forward. 

2.7 Statistical Approach to Model Development 

The total dataset for measure development and testing included data from the 238 CJR participant 

hospitals that submitted complete preoperative and postoperative PRO and risk variable data for at 

least one elective primary THA/TKA procedure performed from July 1, 2016 through June 30, 2017. 

Complete PRO and risk variable data were defined as the submission of preoperative PROM and risk 

variable data with no missing or out-of-range values for required data elements and that could be 

matched to postoperative PROM data with no missing or out-of-range values for an elective primary 

THA/TKA procedure identified in claims data for the measurement period. The number of patients with 

complete PRO data for an elective primary THA or TKA procedure (excluding patients with staged 

elective primary THA/TKA procedures during the measurement period, defined as two or more 

procedures performed during separate inpatient admissions) was 11,270. These data were randomly 

divided 60%/40% into a Development Dataset and a Validation Dataset. 
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• The Development Dataset, used for risk model development, included 230 hospitals and 6,734 

patients, of whom 2,252 had THA procedures and 4,482 had TKA procedures. 

• The Validation Dataset, used for model validation, included 219 hospitals and 4,536 patients, of 

whom 1,560 had THA procedures and 3,006 had TKA procedures. 

• A Combined Dataset of 123 hospitals including only those hospitals with at least 25 THA and 

TKA patients with complete PRO data submission was used for reliability and validity testing. A 

case-volume cut-off of 25 was selected as it provided high measure-result reliability and was 

consistent with volume thresholds used for public reporting of claims-based measures with 

which this measure was intentionally harmonized. 

In the building of risk models for claims-based measures, CORE has previously used the strength of 

association between the risk variable and the measure outcome to empirically guide risk variable 

selection. When expert input deems it appropriate, we force in additional risk variables, such as those 

that indicate frailty, that might have an important influence on the measure outcome and yet might not 

be selected for the model based purely on statistical considerations. In this way, CORE’s risk models 

have always reflected both empirical data and clinical input. This approach has produced robust risk 

models that have been repeatedly and successfully validated against medical record data. 

For this measure, we applied the same principles, but recognize that PRO-PM development, particularly 

that based upon a voluntary data sample, may require a greater reliance on clinical input to select risk 

variables than traditional claims-based outcome measures. Therefore, for this measure, we conducted 

analyses to evaluate two approaches to risk model development for each PROM outcome — one used a 

purely data-driven approach (referred to as the empirically derived model) and another used candidate 

risk variable selection based on empirical findings in the literature, review of data-driven risk factors, 

and iterative TEP and clinical expert input and ranking of importance and feasibility of risk variables for a 

THA/TKA PRO-PM (referred to as a clinically derived model). 

For the empirically derived model development, CORE identified appropriate risk variables as follows: 

• Determined which candidate variables were consistently and strongly associated with a change 

in PROM scores. 

• Examined model performance while including potential risk variables. 

We conducted bivariate analyses to examine the association of each potential candidate variable with 

the outcome to determine the final list of candidate variables. We then conducted bootstrap analyses 

(1,000 iterations) using logistic regression to assess which of the risk variables were more consistently 

identified as those associated with outcome in the development cohort. We used the bootstrapping 

approach to ensure we identified a consistent and stable risk model. 

We then created preliminary risk models for THA and TKA separately, consisting of variables more 

frequently identified as being significantly associated with an outcome. For purposes of measure 

specification, we included the risk variables that were selected in at least 30% of the models via 

bootstrapping for evaluation and forced age and sex in the final risk models. We developed a logistic 
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regression model of improvement on the PROM score using the approach described in the publicly 

reported 30-day hospital-level risk-standardized mortality or 30-day hospital-level risk-standardized 

readmission measures and selected the best model using the logistic regression model with the stepwise 

selection method based on 1,000 bootstrapping samples.104,105 We examined the direction of variables 

for clinical sensibility. We also tested the models by examining the model performance (C-statistics), 

model calibration (lack of fit), model discrimination in terms of predictivity (range of observed outcomes 

among deciles of predicted outcomes), and distribution of model residuals. We calculated the model 

estimates, the coefficients, and 95% confidence intervals (CIs) for risk-adjustment variables in the final 

model in the development and validation samples. 

For the clinically derived model, we identified candidate risk variable selection based on empirical 

findings through a thorough literature review, exploration of data-driven risk factors, and iterative TEP 

and expert input including a survey of the TEP that asked individuals to rank the importance and 

feasibility of clinical variables for use in a PRO-PM risk model and input from clinical consultants to 

finalize a list of clinically relevant and important risk variables for risk adjustment of a THA/TKA PRO-PM. 

As with the empirically derived models, we assessed model performance by examining the model 

performance (C-statistics), model calibration (lack of fit), model discrimination in terms of predictivity 

(range of observed outcomes among deciles of predicted outcomes), and distribution of model 

residuals. We calculated the model estimates, the coefficients, and 95% CIs for risk-adjustment variables 

in the clinically derived model in the Development and Validation Datasets. 

Rationale for Finalizing the Clinically Derived Risk Model 

Given that risk model developed with the clinically derived approach illustrated equivalent performance 

to and greater face validity than the empirically derived approach, we finalized the clinically derived 

model. We recognize that PRO-PM development, particularly that based upon a voluntary data sample, 

may require a greater reliance on clinical input to select risk variables than the development of 

traditional claims-based outcome measures for which there is abundant, comprehensive data for each 

patient. TEP feedback indicated support for this approach. 

CORE developed the finalized risk model using risk variables endorsed and prioritized by the TEP and by 

expert orthopedic consultants, to appropriately risk adjust for the patient clinical comorbidities most 

relevant in THA and TKA. Model performance statistics were highly comparable to those based upon the 

empirically derived approach, and scatterplot analyses comparing HOOS, JR- and KOOS, JR-specific 

models demonstrated a high correlation of hospital-specific RSIRs regardless of the model approach and 

for both THAs and TKAs (see Figure F1 and Figure F2 in Appendix F). The empirically derived approach 

used the strength and prevalence of risk variables to statistically select the most frequently and strongly 

associated variables with the measure outcome in bootstrapped iterations. Both approaches — clinical 

and empirical — produced risk models with similar performance characteristics and predictive ability. 

Both the clinical and empirical risk models for SCB on the HOOS, JR and KOOS, JR included health 

literacy, back pain, pain in the non-operative joint, and preoperative global mental health variables. 

However, the empirically derived models contained a greater proportion of risk variables with less face 
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validity. For example, while the empirical model included risk variables clinically relevant to PROs 

following elective primary THA or TKA, such as disorders of the vertebrae and spinal discs, these models 

also included risk variables with less clinical relevance, such as ear, nose, and throat disorders. This likely 

represents the overall greater health of a patient population undergoing these elective procedures. It 

also reflects that we drew data from the prior 12 months of inpatient and outpatient claims for risk 

adjustment. 

2.7.1 Response Bias 

Due to the voluntary nature of and the burden of novel data collection for PRO data, we understand 

that accounting for potential non-response bias is important for this measure. Also, the fact that poorly 

or incompletely collected data may be asymmetrically distributed across lower socioeconomic or 

disadvantaged populations has the potential to directly affect measure scores. With a thorough 

literature search, we identified several approaches for missingness (covariates adjustment in regression, 

submission score adjustment in regression, and stabilized inverse propensity score weighted regression). 

Following consultation with a statistical expert, we decided to address potential response bias using 

stabilized inverse probability weighting (IPW), as it would not modify the risk model, and would not 

assume the form of a relationship between submission score and outcome (as suggested by Garrido106 

and by Thoemmes and Ong107). 

For this approach, we performed the following steps: 

1) All eligible THA/TKA procedures performed during the measurement period at the 238 hospitals 

submitting complete PRO and risk variable data for at least one of these procedures were 

identified via CMS claims data (N=39,356 procedures). 

2) These eligible THA/TKA procedures were categorized into one of three PRO response groups: 

a) Procedures for which complete PRO and risk variable preoperative data and complete PRO 

postoperative data were submitted (“complete PRO submission,” N=11,270). 

b) Procedures for which incomplete PRO and risk variable data were submitted (including 

submissions with missing data elements and submissions of only preoperative PRO data or 

only postoperative PRO data (“incomplete PRO submission,” N=10,133). 

c) Procedures for which no PRO data were submitted (“no response,” N=17,953). 

3) We compared patient characteristics and clinical comorbidities across the three PRO response 

groups and determined there were statistical differences in case mix. 

4) We conducted a literature review and identified the following variables associated with unit 

non-response to PROM survey data that were also available in our data: age, sex, race, low SES, 

and postoperative complication following hip or knee procedures.101-103,108 

5) Additional variables associated with PRO submission in our data were identified through 

multinomial logistic stepwise regression. 

6) Propensity scores were calculated using a multinomial logistic regression where the outcome 

was 1) complete PRO submission, 2) incomplete PRO submission, and 3) no response. 
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7) Stabilized IPWs were calculated for each of the three groups. For the complete responders, the 

stabilized weights were calculated using the following formula: 
P(Z=1)

P(Z=1|x)
 where (Z = 1) 

represents the complete responders. Stabilized weights produce estimates with smaller variance 

and less extreme values compared to using the standard non-stabilized weights calculated in the 

following way: 
1

P(Z=1|x)
. (See Section 3.7, Table 12, for the distribution of the stabilized weights 

with mean 1.00 and standard deviation of 0.26.) 

8) The stabilized IPWs were incorporated into the hierarchical risk-adjustment model for SCB 

improvement following elective primary THA/TKA and used in the calculation of the risk-

adjusted and bias-adjusted RSIRs. 

Incorporating the stabilized weights in the calculation of the RSIRs helps to reduce bias due to non-

response by giving higher weight to patients who were less likely to respond and deflating the weight of 

patients who were more likely to respond, based on patient characteristics. Weighting the responders 

based on their likelihood of response, given their patient characteristics, helps reduce non-response bias 

in our RSIR measure. 

Among the 238 hospitals submitting at least one complete PRO submission for an eligible THA/TKA 

procedure during the measurement period, 389 (0.89%) patients died before having the opportunity to 

complete postoperative PRO data. Given the small number of deaths, we excluded those who died 

within nine months of the procedure from the propensity score model. 

2.8 Calculation of Measure Score 

With the list of variables for both the clinically derived and empirically derived risk models identified, we 

estimated the hospital-specific RSIR using a hierarchical logistic regression model (hierarchical model). 

This strategy accounts for within-hospital correlation of the observed outcome among patients and 

accommodates the assumption that underlying differences in the quality of care across hospitals lead to 

systematic differences in patient outcomes. This approach models the log odds of patient improvement 

on the PROM as a function of patient demographics and clinically relevant comorbidities with an 

intercept for the hospital-specific random effect. 

We then calculate the hospital-specific RSIRs, which were calculated as the ratio of a hospital’s 

“predicted” number of improvements to “expected” number of improvements multiplied by the overall 

observed improvement rate. The expected number of improvements for each hospital (denominator) 

was estimated using its patient mix and the average hospital-specific intercept (i.e., the average 

intercept among all hospitals in the sample). The predicted number of improvements for each hospital 

(numerator) was estimated given the same patient mix but an estimated hospital-specific intercept. 

Operationally, the expected number of improvements for each hospital was obtained by summing the 

expected improvements for all patients in the hospital. The expected improvement for each patient was 

calculated via the hierarchical model, which applies the estimated regression coefficients to the 

observed patient characteristics and adds the average of the hospital-specific intercept. The predicted 
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number of improvements for each hospital was calculated by summing the predicted improvements for 

all patients in the hospital. The predicted improvement for each patient was calculated through the 

hierarchical model, which applies the estimated regression coefficients to the patient characteristics 

observed and adds the hospital-specific intercept. 

More specifically, we used a hierarchical model to account for the natural clustering of observations 

within hospitals. The model employs a logit link function to link the risk factors to the outcome with a 

hospital-specific random effect: 

Let 𝑌𝑖𝑗  denote the outcome (equal to one if the patient has an improvement, zero otherwise) for patient 

i at hospital j; 𝒁𝑖𝑗 denotes a set of risk factors for patient 𝑖 at hospital 𝑗; and 𝑛𝑗  is the number of index 

admissions to hospital 𝑗. We assume the outcome is related linearly to the covariates via a logit function: 

Logistic Regression Model 

𝑙𝑜𝑔𝑖𝑡(Prob( 𝑌𝑖𝑗 = 1)) = 𝛼 + 𝜷𝒁𝑖𝑗    (1) 

and 𝒁𝑖𝑗 = (𝑍1𝑖𝑗 , 𝑍2𝑖𝑗 , … , 𝑍𝑝𝑖𝑗) is a set of 𝑝 patient-specific covariates. 

To account for the natural clustering of observations within hospitals, we estimate a hierarchical logistic 

regression model that links the risk factors to the same outcomes and a hospital-specific random effect. 

Hierarchical Logistic Regression Model 

𝑙𝑜𝑔𝑖𝑡(Prob( 𝑌𝑖𝑗 = 1)) = 𝛼𝑗 + 𝜷𝒁𝑖𝑗   (2) 

where 𝛼𝑗 = 𝜇 + 𝜔𝑗;  𝜔𝑗~𝑁(0, 𝜏2)    (3) 

where 𝛼𝑗represents the hospital-specific intercept, 𝒁𝑖𝑗is defined as above, μ is the adjusted average 

intercept over all hospitals in the sample, 𝜔𝑗 is the hospital-specific intercept deviation from 𝜇, and τ2 is 

the between-hospital variance component. This model separates within-hospital variation from 

between-hospital variation. Both the hierarchical logistic regression model and the logistic regression 

model are estimated using the SAS software system (GLIMMIX and LOGISTIC procedures, respectively). 

We first fit the logistic regression model described in Equation (1) with covariates selected for the 

clinically derived risk model. We then calculated stabilized IPW from a propensity score analysis using 

multinomial logistic regression to model three PRO data response groups: complete PRO submission, 

incomplete PRO submission, and no response (see Section 2.7.1 for a detailed description of the analytic 

approach to addressing potential response bias). Next, we fit the hierarchical logistic regression model 

described in Equations (2) and (3) to the corresponding parameters along with the stabilized IPW to 

adjust for response bias when we ran the model. Lastly, we calculated the risk-standardized 

improvement rates for each hospital. 
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2.9 Testing 

Below we report our approach to evaluate the model performance. It is conducted using the 

development and validation samples. 

2.9.1 Model Performance 

We assessed model performance in the Development Dataset by examining the model performance (C-

statistics), model calibration (lack of fit), model discrimination in terms of predictive ability (range of 

observed outcomes among deciles of predicted outcomes), and distribution of model residuals. We 

calculated the model estimates as well as the coefficients and 95% CIs for the risk-adjustment variables 

for the best-performing model in the Development Dataset. We assessed risk factors in THA-specific 

and TKA-specific cohorts to ensure risk prediction for a combined THA/TKA cohort was consistent with 

that for THA- and TKA-specific cohorts. We compared measure results and risk model performance for 

the THA-specific, TKA-specific, and the combined THA/TKA cohorts. We then repeated the assessment of 

model performance for the final combined THA/TKA cohort in the Validation Dataset. 

We computed discrimination and calibration statistics for assessing model performance109 for the 

clinically derived models, including: 

1. The area under the receiver operating characteristic (ROC) curve (the C-statistic [also called 

ROC] is the probability that predicting the outcome is better than chance, which is a measure of 

how accurately a statistical model can distinguish between a patient with and without an 

outcome); 

2. Predictive ability (discrimination in predictive ability measures the ability to distinguish high-risk 

subjects from low-risk subjects; good discrimination is indicated by a wide range between the 

lowest decile and highest decile); and 

3. Over-fitting indices (over-fitting refers to the phenomenon in which a model accurately 

describes the relationship between predictive variables and outcome in the Development 

Dataset but fails to provide valid predictions in new patients). 

2.9.2 Measure Results 

Meaningful differences in performance measure scores are assessed by calculating the distribution of 

hospital-level RSIRs. Variation in hospital-level RSIRs indicates a clinically meaningful quality gap in the 

delivery of care to patients undergoing elective THA/TKA, as some hospitals can achieve substantially 

higher rates than the average performer, while other hospitals perform much worse than an average 

performer. 

In addition, statistically significant differences were assessed using a median odds ratio (MOR).110 The 

MOR represents the median increase in odds of the patient outcome (an SCB improvement in PROM 

score from preoperative to postoperative assessment) if a procedure on a single patient was performed 

by a higher-performing hospital compared to a lower-performing hospital. It is calculated by taking all 
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possible combinations of hospitals (N=238 hospitals in the total dataset), always comparing the higher-

performing hospitals to the lower performing hospitals. The MOR is interpreted as a traditional odds 

ratio would be. 

2.9.3 Reliability 

2.9.3a Data Element Reliability 

Data element reliability is evidenced by reliability testing conducted during the development and 

validation of the joint-specific PROMs on which this THA/TKA PRO-PM is based. 

HOOS, JR Reliability 

Internal consistency: The developers of the HOOS, JR2 assessed internal consistency reliability using the 

Person Separation Index (PSI). The PSI was used in two data samples, the Hospital for Special Surgery 

(HSS) cohort and the FORCE-TJR, a nationally representative joint replacement registry. A higher value 

on the PSI indicates a greater ability to differentiate patients with varying levels of ability, which in turn 

provides evidence of good internal consistency. For testing internal consistency for the HOOS, JR, a PSI 

value > 0.7 was considered acceptable.2 The developers also conducted principal component analysis on 

the standardized residuals to assess HOOS, JR items. 

Test-Retest Reliability: Test-retest reliability was not tested by developers of the HOOS, JR as it had 

already been tested in the HOOS in several validation studies.111-114 Intra-class correlation coefficients 

(ICCs) between dimensions (Pain, Symptoms, Activities of Daily Living, Sport and Recreation Function, 

and Quality of Life) were used to determine test-retest reproducibility. 

KOOS, JR Reliability 

Internal Consistency: The developers of the KOOS, JR3 assessed the internal consistency reliability of 

using the PSI. The PSI was used in two data samples, the HSS cohort and the FORCE-TJR, a nationally 

representative joint replacement registry. A higher value on the PSI indicates a greater ability to 

differentiate patients with varying levels of ability, which in turn provides evidence of good internal 

consistency. For testing internal consistency for the KOOS, JR, a PSI value > 0.7 was considered 

acceptable.3 The developers also conducted principal component analysis on the standardized residuals 

to assess KOOS, JR items. 

Test-Retest Reliability: Test-retest reliability was not tested by developers of the KOOS, JR as it had 

already been tested in the KOOS.74 To examine test-retest reliability, the KOOS was administered to 

patients twice prior to surgery within a nine-day period. ICCs between dimensions (Pain, Symptoms, 

Activities of Daily Living, Sport and Recreation Function, and Quality of Life) were used to determine 

test-retest reproducibility. 
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2.9.3b Measure Result Reliability 

The reliability of measurement is the degree to which repeated measurements of the same entity agree 

with each other. For measures of hospital performance, the measured entity is the hospital, and 

reliability is the extent to which repeated measurements of the same hospital give similar results. Using 

the Combined Dataset (Development and Validation Datasets), we identified the hospitals with ≥ 25 

THA/TKA patients with PRO data during the measurement period and assessed signal-to-noise reliability 

to describe how well the measure can distinguish the performance of one hospital from another.115,116 

The signal is the proportion of the variability in measured performance that can be explained by real 

differences in performance. Scores can range from zero to one. A reliability of zero implies that all the 

variability in a measure is attributable to measurement error. A reliability of one implies that all the 

variability is attributable to a real difference in performance. 

2.9.4 Validity 

2.9.4a Data Element Validity 

Data element validity is evidenced by validity testing conducted during the development and testing of 

the joint-specific PROMs on which this THA/TKA PRO-PM is based. All validity testing for the HOOS, JR 

and KOOS, JR instruments was conducted by the PROM developers.2,3 

HOOS, JR Validity 

Responsiveness: Responsiveness of the HOOS, JR to changes following a THA was evaluated using 

standardized response means, and then examined against other previously validated PROMs (HOOS 

domains, WOMAC domains) in the HSS cohort and the FORCE-TJR registry at two years after a THA 

procedure.2 A standardized response mean > 0.8 was considered large.117 

External Validity: External construct validity was evaluated using Spearman’s correlations between the 

HOOS, JR, the HOOS, and the WOMAC. A Spearman’s correlation coefficient ≥ 0.8 was considered very 

high external validity.118 External correlations were assessed using a scatterplot overlying a contour plot 

based on bivariate kernel density estimation between the HOOS, JR and HOOS domains.2 

Floor and Ceiling Effects: Floor and ceiling effects (percent at worst possible score preoperatively and 

best possible score postoperatively) were evaluated against the HOOS and the WOMAC instruments.2 

KOOS, JR Validity 

Responsiveness: Responsiveness of the KOOS, JR to changes following TKA was evaluated using 

standardized response means, and then examined against other validated PROMs (KOOS domains, 

WOMAC domains) in the validation cohort.3 A standardized response mean > 0.8 was considered 

large.117 

External Validity: External construct validity was evaluated using Spearman’s correlations between the 

KOOS, JR, the KOOS, and the WOMAC. A Spearman’s correlation coefficient ≥0.8 was considered very 
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high external validity.118 External correlations were assessed using a scatterplot overlying a contour plot 

based on bivariate kernel density estimation between the KOOS, JR and KOOS domains.3 

Floor and Ceiling Effects: Floor and ceiling effects (percent at worst possible score preoperatively and 

best possible score postoperatively) were evaluated against the KOOS and the WOMAC instruments.3 

2.9.4b Empirical Measure Score Validity 

To assess empirical measure score validity, we compared the THA/TKA PRO-PM RSIRs to the NQF 

endorsed THA/TKA Complication Measure (NQF #1550: Hospital-level risk-standardized complication 

rate [RSCR] following elective primary total hip arthroplasty [THA] and/or total knee arthroplasty [TKA]) 

This measure estimates the risk-adjusted rate that patients who have experienced an elective primary 

THA/TKA experience at least one of eight complications within 90 days of the procedure. The RSCR is 

categorized into three groups: worse than national average, same as national average, and better than 

national average. Data for the hospital RSCRs from April 1, 2015 through March 31, 2018 were 

compared to RSIRs for procedures performed July 1, 2016 through June 30, 2017. We examined the 

distribution of THA/TKA PRO-PM RSIRs by THA/TKA RSCR national categories within hospitals submitting 

complete PRO data for at least 25 THA/TKA procedures. 

Like the THA/TKA PRO-PM we are seeking to validate, NQF #1550 measures outcomes of elective 

primary THA/TKA procedures. While the outcomes of these two measures are not clinically expected to 

be perfectly correlated, they both reflect the hospital-level quality of care for patients experiencing 

elective primary THA/TKA surgery. It is clinically accepted that certain THA/TKA complications, 

specifically mechanical complications that require further surgical interventions, revision or even 

removal of the prosthetic joint, are associated with worse PROs such as pain and function. Therefore, 

we would anticipate that hospitals with higher overall risk-adjusted complication rates in this population 

(patients undergoing elective primary THA/TKA procedures) would see overall worse PROs. Higher 

complication rates (RSCRs) would lead to worse clinical outcomes such as increased pain and decreased 

function, resulting in lower percentages of patients achieving an SCB (lower RISRs). Thus, in terms of the 

measure results, we expect an inverse association between the RSIRs of the THA/TKA PRO-PM and the 

RSCRs of THA/TKA complication measure. 

Our examination of this association between RSIRs and RSCRs used categories of hospital performance 

on the THA/TKA complication measure: 

• Hospitals whose performance is worse than the national rate (those with higher RSCR), 

• Hospitals whose performance is no different than the national rate, and 

• Hospitals whose performance is better than the national rate (those with lower RSCR). 

With this approach, we expect that hospitals within the RSCR category “Worse than the National Rate” 

will have lower RSIRs and that hospitals within the RSCR category “Better than National Rate” will have 

higher RSIRs. 
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3. Results 

3.1 Measure Cohort 

Characteristics of the 6,734 patients in the Development Dataset and the 4,536 patients in the 

Validation Dataset are presented in Table 2. 

Table 2. Patient Characteristics in Development and Validation Datasets 

Variable 
Development 
Dataset N (%) 

Validation 
Dataset N (%) 

Total N 6,734 4,536 

Age in years (Mean, SD) 73.63 (5.75) 73.74 (5.84) 

Sex: Male 2,442 (35.97%) 1,660 (36.60%) 

Race: Black, non-Hispanic 254 (3.77%) 160 (3.53%) 

White, non-Hispanic 6,200 (92.07%) 4,205 (92.70%) 

Hispanic 178 (2.64%) 98 (2.16%) 

Other 102 (1.51%) 73 (1.61%) 

Bilateral procedure: Yes (vs. No) 31 (0.46%) 35 (0.77%) 

Health literacy (Comfort Filling Out Medical Forms by 
Yourself): None 

1,000 (14.85%) 663 (14.62%) 

A little bit 518 (7.69%) 352 (7.76%) 

Somewhat 775 (11.51%) 524 (11.55%) 

Quite a bit 1,192 (17.70%) 853 (18.81%) 

Extremely 3,249 (48.25%) 2,144 (47.27%) 

Patient-reported back pain (Oswestry index question): 
None 

2,562 (38.05%) 1,754 (38.67%) 

Very mild 1,661 (24.67%) 1,074 (23.68%) 

Moderate 1,706 (25.33%) 1,156 (25.49%) 

Fairly severe 570 (8.46%) 391 (8.62%) 

Very severe/Worst imaginable  235 (3.49%) 161 (3.55%) 

Patient-reported pain in non-operative lower extremity 
joint: None 

2,298 (34.13%) 1,552 (34.22%) 

Mild 1,640 (24.35%) 1,125 (24.80%) 

Moderate 1,727 (25.65%) 1,079 (23.79%) 

Severe 856 (12.71%) 635 (14.00%) 

Extreme 213 (3.16%) 145 (3.20%) 

BMI (Mean, SD) 30.39 (6.01) 30.46 (6.03) 

Narcotic use for >90 days 1,224 (18.18%) 787 (17.35%) 

PROMIS-Global Mental Health score (Mean, SD) 49.71 (8.10) 49.70 (8.05) 

Severe infection; other infectious diseases 1,258 (18.68%) 842 (18.56%) 

Diabetes or diabetes complications 1,735 (25.76%) 1,217 (26.83%) 

Liver disease 1,794 (26.64%) 1,229 (27.09%) 
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Variable 
Development 
Dataset N (%) 

Validation 
Dataset N (%) 

Rheumatoid arthritis and inflammatory connective tissue 
disease 

750 (11.14%) 457 (10.07%) 

Depression 1,047 (15.55%) 698 (15.39%) 

Other psychiatric disorders 1,105 (16.41%) 714 (15.74%) 

Coronary atherosclerosis or angina 1,622 (24.09%) 1,138 (25.09%) 

Vascular or circulatory disease 1,279 (18.99%) 862 (19.00%) 

Renal failure 905 (13.44%) 621 (13.69%) 

3.2 Attribution 

Characteristics of the 230 hospitals in the Development Dataset, the 219 hospitals in the Validation 

Dataset, and the 123 hospitals in the Combined Dataset of hospitals with >25 THA/TKA patients with 

PRO data (used for reliability and validity testing, and for response bias analyses) are presented in Table 

3. 

Table 3. Characteristics of Hospitals in Development and Validation Datasets and Hospitals with ≥ 25 
THA/TKA Patients with PRO Data during the Measurement Period 

 
Hospitals in 

Development 
Dataset 

Hospitals in 
Validation 

Dataset 

Hospitals in Combined 
Dataset for Reliability and 

Validity Testing and 
Response Bias Analyses 

(with > 25 THA/TKA 
Patients with PRO Data) 

Total Hospitals, N 230 219 123 

Median # of Elective Primary THA/TKA 
Procedures Performed (Q1, Q3) 

121 (56, 244) 123 (54, 250) 209 (114, 300) 

Mean % of Patients on Medicaid (SD) 18.3% (10.3) 18.0% (0.1) 20.4% (11.4) 

Region, % 
West 
Midwest 
Northeast 
South 

24.8% 
28.7% 
23.5% 
23.0% 

25.1% 
31.1% 
21.9% 
21.9% 

27.6% 
34.2% 
17.9% 
20.3% 

Teaching Status, % 
Teaching 
Non-teaching 

46.1% 
53.9% 

44.8% 
55.2% 

48.8% 
51.2% 

3.3 Risk Model Performance and Testing 

Testing results using the Validation Dataset of the risk-adjusted model for SCB improvement following 

elective primary THA/TKA are presented in Table 4. Risk variable odds ratios (ORs) are adjusted for other 

risk variables in the model. As previously noted, the SCB outcome allows patients with poor baseline 
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PRO scores to improve, so some risk variables that might be traditionally considered as predictors of 

worse outcomes are positively associated with achieving an SCB. 

Table 4. Final Risk Model Variables and Adjusted ORs (Hierarchical Linear Model): Validation Dataset 
(Patient N = 4,536, Hospital N = 219) 

Variable Frequency OR (95% CI) 

Age in years (Mean, SD) 73.74 (5.84) 1.00 (0.98, 1.01) 

Sex: Male 1,660 (36.60%) 0.76 (0.65, 0.88) 

Procedure: THA 1,530 (33.73%) 1.41 (1.20, 1.66) 

Bilateral procedure 35 (0.77%) 1.51 (0.60, 3.83) 

Health literacy (Comfort Filling Out Medical Forms 
by Yourself): Not at all (Reference) 663 (14.62%) -- 

A little bit 352 (7.76%) 1.24 (0.88, 1.76) 
Somewhat 524 (11.55%) 1.96 (1.43, 2.68) 
Quite a bit 853 (18.81%) 2.28 (1.71, 3.03) 
Extremely 2,144 (47.27%) 2.17 (1.68, 2.81) 

Back Pain: None (Reference) 1,754 (38.67%) -- 
Very mild 1,074 (23.68%) 0.84 (0.69, 1.01) 
Moderate 1,156 (25.49%) 0.84 (0.69, 1.01) 
Fairly severe 391 (8.62%) 1.01 (0.76, 1.34) 
Very severe/Worst imaginable 161 (3.55%) 1.68 (1.05, 2.68) 

Pain in non-operative lower extremity joint: 
None (Reference) 1,552 (34.22%) -- 
Mild 1,125 (24.80%) 0.84 (0.69, 1.02) 
Moderate 1,079 (23.79%) 0.88 (0.72, 1.08) 
Severe 
Extreme 

635 (14.00%) 
145 (3.20%) 

1.33 (1.03, 1.72) 
2.18 (1.31, 3.62) 

BMI (Mean, SD) 30.46 (6.03) 1.00 (0.99, 1.01) 

 Narcotic use for >90 days 787 (17.35%) 0.96 (0.78, 1.18) 

Baseline PROMIS-Global Mental Health score 
(Mean, SD) 

49.70 (8.05) 0.99 (0.98, 0.996) 

Severe infection; other infectious diseases  
(CC 1, 3-7) 

842 (18.56%) 0.93 (0.77, 1.12) 

Diabetes mellitus (DM) or DM complications  
(CC 17-19, 122-123) 

1,217 (26.83%) 0.85 (0.60, 1.20) 

Liver disease (CC 27-31) 1,229 (27.09%) 1.21 (0.85, 1.72) 

Rheumatoid arthritis and inflammatory connective 
tissue disease (CC 40) 

457 (10.07%) 0.81 (0.64, 1.02) 

Depression (CC 61) 698 (15.39%) 0.91 (0.72, 1.13) 

Other psychiatric disorders (CC 63) 714 (15.74%) 0.94 (0.75, 1.16) 

Coronary atherosclerosis or angina (CC 88-89) 1,138 (25.09%) 0.74 (0.62, 0.88) 

Vascular or circulatory disease (CC 106-109) 862 (19.00%) 0.93 (0.77, 1.12) 

Renal failure (CC 135-140) 621 (13.69%) 1.09 (0.88, 1.36) 
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Model performance statistics of the risk model for meeting or exceeding the SCB improvement 

threshold are provided in Table 5. In the Development Dataset, the C-statistic for the risk model is 0.68 

and the predictive ability from the lowest to highest decile is 26% – 82%. In the Validation Dataset, the 

C-statistic for the risk model is 0.69 and the predictive ability from the lowest to highest decile is 26% – 

81%. The calibration indices (γ0, γ1) used to assess the risk model for meeting or exceeding SCB 

improvement for the Validation Dataset are (-0.08, 1.02). 

Results demonstrate the risk-adjustment model adequately controls for differences in patient 

characteristics. The calculated C-statistic was 0.68 using the Development Dataset and 0.69 using the 

Validation Dataset and indicates adequate model discrimination across the cohort models. With both 

the Development and Validation Datasets, the model indicated a wide range between the lowest decile 

and highest decile, indicating the ability to distinguish high-risk subjects from low-risk subjects. 

The calibration values which are consistently close to zero at one end and close to one at the other end 

indicates good calibration of the model. If the γ0 in the model performance using the Validation Dataset 

is substantially far from zero and the γ1 is substantially far from one, there is potential evidence of over-

fitting. The calibration values of close to zero at one end and close to one on the other end indicate 

good calibration of the model between the Development and Validation Datasets. 

In the risk decile plot (Figure 1), higher deciles of the predicted outcomes are associated with higher 

observed outcomes, which show a good calibration of the model. The plot indicates good discrimination 

of the model and good predictive ability. 

Overall, these diagnostic results demonstrate the risk-adjustment model adequately controls for 

differences in patient characteristics (case mix). 

Table 5. Model Performance of Risk-Adjusted Model of SCB Improvement Following THA/TKA 

Model Performance Statistic Development Dataset Validation Dataset 

C-statistic 0.68 0.69 

Calibration (γ0, γ1) 0.00, 1.00 -0.08, 1.02 

Predictive ability 26% – 82% 26% – 81% 
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Figure 1. Calibration Deciles for the Validation Dataset 

 

3.3.1 Evaluation of Social Risk Factors 

Bivariate and multivariate analyses conducted with the Development Dataset showed no statistically 

significant association between AHRQ SES index lowest quartile and SCB improvement, or between non-

white race and SCB improvement; dual eligibility was borderline significant (p=0.058) at the bivariate 

level (Table 6), and statistically significant when entered into the risk model (OR=1.49, 95% CI=1.07, 

2.08), indicating that patients with dual eligibility had higher odds of achieving SCB improvement (Table 

7). Table 8 provides the mean and range of hospital-specific RSIRs with no social risk factors included in 

the risk model, with dual eligibility, and with AHRQ SES index lowest quartile individually included in the 

risk model. Correlation coefficients between RSIRs calculated without social risk factors and RSIRs 

calculated individually for each of the social risk factors indicates a near perfect or perfect correlation in 

our data. This was also true when comparing RSIRs calculated without social risk factors with RSIRs 

calculated including non-white race. The lack of association and effect of these factors may be due to 

lower case selection in these groups for these elective primary procedures. 
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Table 6. Bivariate Associations of Social Risk Factors and Race with SCB Improvement: Development 
Dataset (Patient N = 6,734, Hospital N = 230) 

Variable 

Frequency 
(%) of Social 
Risk Factor 

among 
Patients in 

the 
Development 

Dataset 

Frequency (%) of 
Social Risk Factor 
among Patients 
Achieving SCB 
Improvement 

Frequency (%) of 
Social Risk Factor 
among Patients 
Not Achieving 

SCB 
Improvement 

P-value 

Total 6,734 (100%) 4,354 (100%) 2,380 (100%) -- 

Dual eligibility 206 (3.06%) 146 (3.35%) 60 (2.52%) 0.0580 

AHRQ SES index: 
Lowest quartile 688 (10.22%) 446 (10.24%) 242 (10.17%) 0.9222 

Race: Non-white 548 (8.14%) 351 (8.06%) 197 (8.28%) 0.7569 

Table 7. Adjusted ORs for Social Risk Factors and Race Individually Evaluated in the Risk Model for SCB 
Improvement: Development Dataset (Patient N = 6,734, Hospital N = 230) 

Variable Frequency 
(%) 

Estimate 

(Standard 

Error) 

OR (95% CI) 

C-Statistic for 

Model Including 

Social Risk Factor 

Dual eligibility 206 (3.06%) 0.40 (0.17) 1.49 (1.07, 2.08) 0.68* 

AHRQ SES index: 
Lowest quartile 688 (10.22%) 0.04 (0.09) 1.04 (0.87, 1.25) 0.68* 

Race: Non-white 548 (8.14%) -0.08 (0.10) 0.93 (0.76, 1.13) 0.68* 

* C-statistic for the risk model for SCB improvement in the Development Dataset without any of the three 
social risk factors = 0.68 

Table 8. Mean and Distribution of RSIRs Calculated without and with Social Risk Factors and Race in 
the Risk Model (Development Dataset: Hospitals with >25 THA/TKA Patients with PRO Data) 

 No Risk Factors 
Included 

Dual Eligibility 
AHRQ SES Index: 
Lowest Quartile 

Race: Non-White 

N (Hospitals) 94 94 94 94 

Mean (SD) 60.39% (19.85) 60.40% (19.85) 60.30% (19.86) 60.36% (19.87) 

Percentile -- -- -- -- 

100% Max 86.25% 86.21% 86.23% 86.03% 

99% 86.25% 86.21% 86.23% 86.03% 

95% 81.94% 81.96% 82.03% 81.71% 

90% 79.95% 79.95% 79.95% 80.10% 

75% (Q3) 72.37% 72.38% 72.33% 72.45% 

50% (Median) 66.57% 66.53% 66.57% 66.60% 

25% (Q1) 53.22% 53.23% 53.22% 53.26% 

10% 20.07% 20.08% 20.06% 20.04% 
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 No Risk Factors 
Included 

Dual Eligibility 
AHRQ SES Index: 
Lowest Quartile 

Race: Non-White 

5% 14.47% 14.49% 14.50% 14.43% 

1% 8.47% 8.48% 8.46% 8.42% 

0% Min 8.47% 8.48% 8.46% 8.42% 

Pearson Correlation Coefficient 
(With “No Social Risk Factors”) 0.9999 >0.9999 0.9997 

Analysis of hospital proportion of dual eligible patients by hospital RSIRs is provided in Figure 2. The 

results indicate that hospitals with the lowest proportion of dual eligible patients and those hospitals 

with the highest proportion of dual eligible patients have similar RSIR distributions. 

Figure 2. THA/TKA PRO-PM RSIRs by Quartiles of Hospitals Grouped by Proportion of Dual Eligible 
Patients 
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3.4 Measure Results (RSIRs) 

Table 9 provides the mean and distribution of hospitals’ RSIRs, weighted for non-response bias. The 

RSIRs ranged from 6.65% to 86.84% (median: 66.49%). The variation in the RSIRs suggests that there are 

meaningful differences in performance measure scores across hospitals. The interquartile range 

represents a difference of 18 percentage points, and the difference between the 10th and 90th 

percentiles (20.94% and 78.85%, respectively) is nearly 58 percentage points. This variation indicates an 

important quality gap among hospitals. 

Table 9. Mean and Distribution of RSIRs for Risk Model of SCB Improvement Following Elective 
Primary THA/TKA (Hospitals with >25 THA/TKA Patients with PRO Data) 

 RSIRs (Combined Dataset) 

N (Hospitals) 123 
Mean (SD) 60.16% (19.58) 
Percentile -- 

100% Max 86.84% 
99% 84.73% 
95% 81.92% 
90% 78.85% 
75% (Q3) 72.51% 
50% (Median) 66.49% 
25% (Q1) 54.36% 
10% 20.94% 
5% 13.42% 
1% 7.70% 
0% Min 6.65% 

Results of the analyses to examine the MOR were 3.44, with upper and lower 95% confidence bands of 

3.385 and 3.485. This MOR suggests significant and substantial increases in the likelihood of SCB 

improvement by higher-performing hospitals compared to lower-performing hospitals. At the hospital 

level, the MOR value indicates that a patient is 3.44 times more likely to achieve SCB improvement if 

their elective primary THA/TKA procedure was performed by a higher-performing hospital than by a 

lower-performing hospital. 

3.5 Reliability 

3.5.1 Data Element Reliability Results 

Data element reliability results are reported for reliability testing conducted during the development 

and testing of the joint-specific PROMs on which this THA/TKA PRO-PM is based. 
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HOOS, JR Reliability 

Internal Consistency: The developers of the HOOS, JR2 assessed the internal consistency reliability of 

using the PSI. Internal consistency of the HOOS, JR on the PSI were 0.86 in the HSS cohort and 0.87 in 

the FORCE-TJR cohort. Results of a principal component analysis conducted on the standardized 

residuals indicated that the six HOOS, JR items existed in a single dimension.2 

Test-Retest Reliability: Test-retest reliability was not tested by developers of the HOOS, JR as it had 

already been tested in the HOOS in several validation studies.111-114 ICCs were used to determine test-

retest reproducibility and ranged from 0.75 to 0.97 in the validation studies. Specifically, the Pain and 

Activity of Daily Living domains, from which HOOS, JR pain and functioning questions are drawn, had 

ICCs of 0.83 – 0.89 (Pain sub-scale) and 0.86 – 0.94 (Activity of Daily Living sub-scale). 

KOOS, JR Reliability 

Internal Consistency: The developers of the KOOS, JR3 assessed the internal consistency reliability of 

using the PSI. Internal consistency of the KOOS, JR on the PSI were 0.84 in the HSS cohort and 0.85 in the 

FORCE-TJR cohort. Results of a principal component analysis conducted on the standardized residuals 

indicated that the seven KOOS, JR items existed in a single dimension.3 

Test-Retest Reliability: Test-retest reliability was not tested by developers of the KOOS, JR as it had 

already been tested in the KOOS.74 ICCs were used to determine test-retest reproducibility and ranged 

from 0.75 to 0.93. Specifically, the Pain, Activity of Daily Living and Symptom domains, from which 

KOOS, JR pain, functioning and stiffness questions are drawn, had ICCs of 0.85 (Pain sub-scale), 0.75 

(Activity of Daily Living sub-scale), and 0.93 (Symptoms). 

The reliability results from the literature demonstrate that the HOOS, JR and the KOOS, JR PROM 

instruments are sufficiently reliable and exceed accepted norms for reliability testing. The results 

assessing internal consistency indicated PSI values of 0.86 – 0.87 for the HOOS, JR2 and 0.84 – 0.85 for 

the KOOS, JR3, indicating the ability of the instruments to differentiate patients with varying levels of 

pain and functioning, which in turn provides evidence of good internal consistency. Test-retest reliability 

results for the HOOS domains from which HOOS, JR questions were drawn (Pain and Activity of Daily 

Living domains) revealed high ICCs. Likewise, test-retest reliability for the KOOS domains from which the 

KOOS, JR questions were drawn (ICCs of 0.75 – 0.93) provided evidence good reliability. 

3.5.2 Measure Score Reliability Results 

The signal-to-noise ratio (Table 10) yielded a median reliability score of 0.959 (range: 0.896 – 0.992). 

Interquartile range was 0.037. 
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Table 10. Signal-to-Noise-Reliability, Hospitals with Volume >25 THA/TKA Patients with PRO Data 

 
# 

Hospitals 
Mean 
(SD) 

Median Minimum Maximum 
Interquartile Range 

Q1 Q3 

Signal-to-Noise 123 
0.952 

(0.263) 
0.959 0.896 0.992 0.935 0.972 

The signal-to-noise reliability of 0.952 indicates excellent reliability. Our interpretation of these results is 

based on standards established by Landis and Koch:119 

• <0 = Less than chance agreement 

• 0 – 0.2 = Slight agreement 

• 0.21 – 0.39 = Fair agreement 

• 0.4 – 0.59 = Moderate agreement 

• 0.6 – 0.79 = Substantial agreement 

• 0.8 – 0.99 = Almost Perfect agreement 

• 1 = Perfect agreement 

3.6 Validity 

3.6.1 Data Element Validity Results 

Data element validity results are reported for validity testing conducted during the development and 

testing of the joint-specific PROMs on which this THA/TKA PRO-PM is based. 

HOOS, JR Validity 

Responsiveness: Standardized response means for the HOOS, JR, relative to other PROMs measuring 

postoperative hip improvement, were 2.38 (95% CI, 2.27–2.49) in the HSS data and 2.03 (95% CI, 1.84–

2.22) in the FORCE registry data.2 

External validity: Correlations between the HOOS, JR and HOOS Pain domain were 0.87 (95% CI, 0.86–

0.89) in the HSS data and 0.87 (95% CI, 0.84–0.90) in the FORCE registry data. Correlations between the 

HOOS, JR and HOOS Activity of Daily Living domain were 0.94 (95% CI, 0.93–0.95) in the HSS data and 

0.94 (95% CI, 0.93–0.96) in the FORCE registry data. Likewise, correlations between the HOOS, JR and 

the WOMAC Pain domain was 0.84 (95% CI, 0.81–0.86) in the HSS data and 0.85 (95% CI, 0.81–0.88) in 

the FORCE registry data; between HOOS, JR and WOMAC Functioning were 0.94 (95% CI, 0.93–0.95) in 

the HSS data and 0.94 (95% CI, 0.93–0.96) in the FORCE registry data; and between the HOOS, JR and 

WOMAC Stiffness domain were 0.64 (95% CI, 0.58–0.71) in the HSS data and 0.65 (95% CI, 0.61–0.68) in 

the FORCE registry data.2 



 

THA/TKA PRO-PM Version 1.0 DRAFT Methodology Report 53 

Floor and ceiling effects: Floor effects for the HOOS, JR were 0.6%–1.9% (percent at worst possible 

score preoperatively) and ceiling effects were 37%–46% (percent at best possible score postoperatively), 

comparable to or better than HOOS domains and the WOMAC.2 

KOOS, JR Validity 

Responsiveness: Standardized response means for the KOOS, JR, relative to other PROMs measuring 

postoperative knee improvement, were 1.79 (95% CI, 1.70–1.88) in the HSS data and 1.70 (95% CI, 1.54–

1.86) in the FORCE registry data. 

External validity: Correlations between the KOOS, JR and KOOS Pain domain were 0.89 (95% CI, 0.88–

0.91) in the HSS data and 0.91 (95% CI, 0.90–0.93) in the FORCE registry data. Correlations between the 

KOOS, JR and KOOS Activity for Daily Living domain were 0.87 (95% CI, 0.85–0.88) in the HSS data and 

0.84 (95% CI, 0.81–0.87) in the FORCE registry data. Correlations with the Symptoms domain were 0.59 

(95% CI, 0.55–0.64) in the HSS data and 0.69 (95% CI, 0.64–0.74) in the FORCE registry data. Similarly, 

correlations between the KOOS, JR and WOMAC Pain were 0.80 (95% CI, 0.77–0.82) in the HSS data and 

0.82 (95% CI, 0.79–0.86) in the FORCE registry data; between KOOS, JR and WOMAC Function were 0.87 

(95% CI, 0.85-0.88) in the HSS data and 0.84 (95% CI, 0.81–0.87) in the FORCE registry data; and 

between KOOS, JR and WOMAC Stiffness were 0.72 (95% CI, 0.69–0.75) in the HSS data and 0.76 (95% 

CI, 0.72–0.80) in the FORCE registry data.3 

Floor and ceiling effects: Floor effects for the KOOS, JR were 0.4% – 1.2%, and the ceiling effects were 

18.8% – 21.8%.3 

The validity results from the literature demonstrate the HOOS, JR and the KOOS, JR PROM instruments 

are valid and meaningful measures for assessing patient-reported outcomes following THA/TKA 

procedures. The HOOS, JR and the KOOS, JR showed very high responsiveness, well beyond the 0.8 

standardized response mean value considered “very large.”117 Spearman correlation values between the 

HOOS, JR and the HOOS domains from which the HOOS, JR questions were drawn (Pain and Activity of 

Daily Living domains) were high; likewise, Spearman correlation values between the KOOS, JR and the 

KOOS Pain and Activity of Daily Living domains were high, and were moderate between the KOOS, JR 

and the KOOS Symptom domain. Floor effects were small; ceiling effects for the HOOS, JR were 37%–

46%, but were comparable to or better than HOOS domains and the WOMAC (Lyman et al, 2016a; 

Lyman et al, 2016b). 

3.6.2 Empirical Measure Score Validity Results 

Comparison of THA/TKA PRO-PM RSIRs to RSCR categories indicates an increasing stepwise trend. Those 

hospitals in the RSCR “Worse than National Average” category have lower median RSIRs (51.87%) than 

the median RSIR (66.49%) of hospitals in the RSCR “No different than National Rate" category, which is 

lower than the median RSIR (71.13%) of hospitals in the RSCR “Better than National Average" 

category. The hospitals with lower RSCRs have higher THA/TKA RSIRs (Figure 3). 
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Figure 3. Range of THA/TKA PRO-PM RSIRs by THA/TKA RSCR National Categories within Hospitals 
Submitting Complete PRO Data (Hospitals with >25 THA/TKA Procedures, N=123) 

 

As these outcomes are not clinically expected to be perfectly correlated but do reflect hospital-level care 

and processes affecting the quality of care for patients experiencing elective primary THA/TKA surgery, 

we interpret the increasing monotonic trend between RSIRs and RSCR national categories as reflective 

of empirical measure validity. Empirical validation of novel outcome measures is challenging as there is 

rarely, if ever, a “gold standard” against which to compare the measure. As perfect or even high 

correlations are not expected given the different time periods and cohorts, we sought to show the 

conceptual relationship between the two outcomes through actual hospital-level measure results 

(RSIRs) grouped by statistically significant categories of performance of RSCRs. 

3.7 Response Rates and Response Bias Adjustment 

Response rates for all hospitals and for hospitals with ≥ 25 THA/TKA patients with PRO data is presented 

in Table 11. 
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Table 11. Mean and Distribution of Hospital Response Rates (for Complete PRO and Risk Variable 
Data, Combined Dataset) 

 
Response Rates (All Hospitals) 

Response Rates (Hospitals with 
>25 THA/TKA Patients with PRO 

Data) 

N (Hospitals) 238 123 

Mean (SD) 30.62% (22.79) 43.17% (20.52) 

Percentile -- -- 

100% Max 100.00% 90.50% 

99% 84.78% 89.66% 

95% 74.29% 79.64% 

90% 61.45% 69.66% 

75% (Q3) 46.23% 60.58% 

50% (Median) 27.88% 40.85% 

25% (Q1) 9.68% 28.34% 

10% 3.70% 17.74% 

5% 2.06% 11.49% 

1% 0.72% 5.65% 

0% Min 0.24% 5.00% 

Propensity scores calculated using a multinomial logistic regression where the outcomes 1) complete 

PRO submission, 2) incomplete PRO submission, and 3) no response were used to calculate stabilized 

IPW for each of these three groups. Table 12 provides the distribution of these stabilized IPWs applied 

to patients with complete PRO data submission. 

Table 12: Distribution of Stabilized IPWs Applied to Patients with Complete PRO Submission 
(Responders) 

Summary Statistics Stabilized IPWs 

Mean (SD) 1.00 (0.26) 

Percentile -- 

100% Max 4.74 

99% 1.77 

95% 1.29 

90% 1.09 

75% (Q3) 1.01 

50% (Median) 0.95 

25% (Q1) 0.91 

10% 0.88 

5% 0.85 

1% 0.82 

0% Min 0.73 
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Stabilized Inverse Probability Weighting 

We assessed the non-response bias using the Pearson correlation between the residuals of the 

hierarchical outcome model with only clinical risk factors and the probability of response. This 

correlation is 0.00194 (p-value=0.84). This indicates that there is not an association between the 

residuals and the probability of response based on our model. 

We examined the correlation between the residuals of the stabilized IPW hierarchical model and the 

submission probability finding it to be 0.00492 (p-value=0.60) suggesting that there is not an association 

between the residuals weighting for non-response and probability of response. 

The comparison of hospital RSIRs for the risk-adjusted model of SCB improvement with stabilized IPW 

and without stabilized IPW (Table 13) suggests that the results are not sensitive to our weighting 

adjustment. However, due to the high proportion of non-responders, we considered it important to 

account for the differences in characteristics of responders and non-responders found in the literature 

and empirically in our data. We expect that non-response bias will be a factor for the THA/TKA PRO-PM 

measure due to associations with non-response including SES and health status. We therefore retained 

response bias adjustment for the measure's results. 

Table 13. Mean and Distribution of Hospital RSIRs for Risk-Adjusted Model of SCB Improvement with 
and without Stabilized IPW for Potential Non-Response Bias (Combined Dataset, Hospitals with >25 
THA/TKA Patients with PRO Data) 

 RSIR  
(No Weighting) 

RSIR  
(Weighted for Non-Response) 

N (Hospitals) 123 123 

Mean (SD) 60.21% (19.57) 60.16% (19.58) 

Percentile -- -- 

100% Max 86.66% 86.84% 

99% 85.34% 84.73% 

95% 81.69% 81.92% 

90% 78.98% 78.85% 

75% (Q3) 72.77% 72.51% 

50% (Median) 66.18% 66.49% 

25% (Q1) 54.63% 54.36% 

10% 21.70% 20.94% 

5% 13.19% 13.42% 

1% 7.79% 7.70% 

0% Min 6.89% 6.65% 
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Appendix B: Medical Record Review Results 

In 2014, we performed a medical record review at seven orthopedic practices across the country to 

evaluate the feasibility, uniformity, and reliability of clinical data elements prioritized by orthopedists for 

use in risk adjustment for PRO-PMs for elective primary THA/TKA. This review consisted of 30 

standardized medical record abstractions. For each record, the abstractor collected data on the 

presence or absence of risk variables in the preoperative record. The abstraction included 27 to 30 

individual questions regarding 11 to 12 specific risk variables, depending upon whether the patient was 

undergoing TKA or THA, respectively. Table B1 presents findings of this review with regards to 

documentation of risk variable information in patient medical records and in electronic health records. 

Table B1. Percentage of Patients for Whom Recommended Candidate Clinical Risk Variables Were 

Documented within the Medical Record and EHR, Respectively 

Question 
Patients with 

“Yes” 
Response (%) 

Patients with 
“Yes, in EHR 
Standardized 

Field” Response 
(%) 

Did this patient receive an elective primary THA or TKA or both? N/Aa N/Aa 

Is live-in home support (spouse or domestic partner or live-in 
family) documented in preoperative surgical notes (or elsewhere 
in medical record)? 

67.6 49.5 

Is marital status documented in preoperative surgical notes (or 
elsewhere in medical record)? 

88.6 72.9 

Is BMI documented in preoperative surgical notes (or elsewhere 
in medical record)? 

98.1 93.8 

Are height and weight documented in preoperative surgical notes 
(or elsewhere in medical record) such that BMI can be calculated? 

98.6 93.8 

Is current tobacco use documented in preoperative surgical notes 
(or elsewhere in medical record)? 

93.3 81.0 

Is past tobacco use documented in preoperative surgical notes (or 
elsewhere in medical record)? 

87.6 80.5 

Is smoking status in pack years documented in preoperative 
surgical notes (or elsewhere in medical record)? 

28.6 24.8 

Is use of chronic (any given period of 90 days) preoperative 
narcotics documented in preoperative surgical notes? 

33.8 26.7 

If yes, is dose greater than 24 mg hydromorphone per 24 hours or 
equivalent for a duration of four or more weeks documented in 
preoperative surgical notes? 

11.3 8.9 

Is Charnley classification documented in preoperative surgical 
notes? 

21.9 20.5 
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Question 
Patients with 

“Yes” 
Response (%) 

Patients with 
“Yes, in EHR 
Standardized 

Field” Response 
(%) 

Is a total painful joint count documented in preoperative surgical 
notes? 

28.6 19.0 

Is homunculus with painful joints documented in preoperative 
surgical notes? 

0.5 0 

Is quantified spinal pain using validated instrument (e.g., visual 
analog scale, Oswestry or other formal assessment) documented 
in preoperative surgical notes? 

1.0 1.0 

Is subjective or semi-quantified spinal pain (chronic low back 
pain, spinal stenosis, sciatic pain) documented in preoperative 
surgical notes? 

31.7 20.2 

Is any other subjective estimate of painful joints (not asked 
above) documented in preoperative surgical notes? 

42.6 30.8 

Is quantified hip/knee range of motion (i.e., in degrees) 
documented in preoperative surgical notes? 

84.8 51.0 

Is subjective hip/knee range of motion (e.g., “limited”) 
documented in preoperative surgical notes? 

54.1 34.4 

Is the use of a specific gait aide(s) documented in preoperative 
surgical notes? 

68.1 45.2 

Is walking distance capacity documented in preoperative surgical 
notes?  

50.0 26.7 

Is the presence of retained hardware requiring removal during 
the THA or TKA procedure documented in preoperative surgical 
notes? 

1.4 0.5 

Are dynamometric results for hip abduction strength (abductor 
muscle deficiency) documented in preoperative surgical notes? 

17.9 16.8 

Is a semi-quantified strength assessment (i.e., on 1–5 scale) 
documented in preoperative surgical notes? 

56.3 46.9 

Is the presence of a Trendelenberg gait documented in 
preoperative surgical notes? 

44.8 42.7 

Is a subjective strength assessment (e.g., “weak abductors”) 
documented in preoperative surgical notes? 

35.1 29.9 

Is a history of developmental dysplasia of hip (DDH) with high 
displacement or dislocation documented in preoperative surgical 
notes? 

19.1 19.1 

Is a history of other childhood developmental abnormalities 
documented in preoperative surgical notes? 

20.0 18.9 

Are quantified angular, translational, or rotational deformities of 
the proximal femur (in degrees) documented in preoperative 
surgical notes? 

4.21 2.1 
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Question 
Patients with 

“Yes” 
Response (%) 

Patients with 
“Yes, in EHR 
Standardized 

Field” Response 
(%) 

Is subjective angular femoral deformity (e.g., coxa varus/valgus 
without degree) documented in preoperative surgical notes? 

21.1 14.7 

Is other subjective deformity of femoral neck or shaft 
documented in preoperative surgical notes? 

26.3 11.6 

Is a quantified anatomic angle (femoro-tibial angle in degrees 
with vaurs/valgus) documented in preoperative surgical notes? 

43.5 21.7 

Is varus/valgus deformity greater than or equal to 15 degrees 
documented in preoperative surgical; notes? 

26.7 24.1 

Is subjective angular thigh-foot deformity (e.g., varus/valgus 
without degree) documented in preoperative surgical notes? 

48.7 29.1 

Are dynamometric results for extensor mechanism strength 
documented in preoperative surgical notes? 

6.0 6.0 

Is a semi-quantified strength assessment (i.e., on 1–5 scale) 
documented in preoperative surgical notes?  

29.9 27.4 

Is a subjective strength assessment (e.g., “weak abductors” or 
“extensor lag”) documented in preoperative surgical notes? 

45.3 45.3b 

a Total number of THA and TKA was 95 and 115 records, respectively. 
b “Yes, in EHR standardized field” was not a response option for this question. Percentage represents all “Yes” 

responses.  
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Appendix C: Data Collection Specifications 

Per the 2015 CJR Final Rule, data would be consistently collected at the hospital level, and would be 

used for development of a THA/TKA PRO-PM. Complete data specifications for the development data 

collection as part of CJR are listed here. 

Please note that clinical expert input subsequent to THA/TKA PRO-PM development and testing with 

PRO data collected from CJR participant hospitals included strong recommendation to extend the 

postoperative data assessment window established for CJR PRO data collection to better align with 

clinical workflow and typical one-year follow-up scheduling and to allow for better postoperative PRO 

data capture. 

C.1 Preoperative Assessments (To Be Collected between 90 and Zero Days Prior 

to THA/TKA Procedure) 

• PROMIS-Global (all items) or VR-12 (all 

items) 

• For THA Patients, HOOS or HOOS, JR 

• For TKA patients, KOOS or KOOS, JR 

• Medicare Provider Number 

• Medicare Health Insurance Claim (HIC) 

Number 

• Date of Birth 

• Date of Collection 

• Mode of Collection 

• Person Completing the Survey 

• Race 

• Ethnicity 

• Single-Item Health Literacy Screening (SILS2) 

Questionnaire 

• BMI or Weight (kg)/Height (cm) 

• Chronic (≥ 90 day) Narcotic Use 

• Total Painful Joint Count (Patient-Reported 

in Non-Operative Lower Extremity Joint) 

• Quantified Spinal Pain (Patient-Reported 

Back Pain, Oswestry Index Question)

C.2 Postoperative Assessments (To Be Collected between 270 and 365 Days 

Following THA/TKA Procedure in CJR; we propose data be collected between 

300 and 425 Days Following THA/TKA Procedure for future measure use) 

• PROMIS-Global (all items) or VR-12 (all 

items) 

• For THA Patients, HOOS or HOOS, JR 

• For TKA Patients, KOOS or KOOS, JR 

• Medicare Provider Number 

• HIC Number 

• Date of Birth 

• Date of Collection 

• Mode of Collection 

• Person Completing the Survey 

• Date of Admission to Anchor Hospitalization 

• Date of Eligible Procedure

 

http://www.koos.nu/hoospres.html
http://www.koos.nu/koospresentation.html
http://www.koos.nu/hoospres.html
http://www.koos.nu/koospresentation.html
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Table C1. Data Elements That Were Finalized in the CJR Final Rule or Requested in the CJR Model for Prospective Data Collection and Testing 
Project 

Data Element Format Range Collection Source 
Required (Core) Data 

Elements 

VR-12 (all items) See Table C2 See Table C2 
Pre- and 

postoperative 
Patient reported X 

PROMIS-Global (all 
items) 

See Table C3 See Table C3 
Pre- and 

postoperative 
Patient reported X 

HOOS (all items, or six 
HOOS, JR items) 

See Table C4 See Table C4 
Pre- and 

postoperative 
Patient reported X 

KOOS (all items, or 
seven KOOS, JR items) 

See Table C5 See Table C5 
Pre- and 

postoperative 
Patient reported X 

Medicare Provider 
Number 

Six-digit Medicare provider 
number, also known as 
CCN 

N/A 
Pre- and 

postoperative 
Provider reported N/A 

Medicare Health 
Insurance Claim (HIC) 
Number 

Ten or 11-digit account 
number (e.g., 123456789A) 

N/A 
Pre- and 

postoperative 
Provider reported X 

Date of Birth Date (MM/DD/YYYY) N/A 
Pre- and 

postoperative 
Provider reported X 

Race 

0 = White 
1 = Black or African 
American 
2 = Asian 
3 = American Indian/Alaska 
Native 
4 = Native Hawaiian/Other 
Pacific Islander 

0–4 Preoperative 
Patient or provider 

reported 
X 

Ethnicity 
0 = non-Hispanic or not 
Latino 
1 = Hispanic or Latino 

0,1 Preoperative 
Patient or provider 

reported 
X 
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Data Element Format Range Collection Source 
Required (Core) Data 

Elements 

Date of Collection Date (MM/DD/YYYY) N/A 
Pre- and 

postoperative 
Provider reported N/A 

Mode of Collection 

0 = Paper 
1 = Telephone (active 
interactive voice response) 
2 = Electronic (web-based, 
EHR, etc.) 

0–2 
Pre- and 

postoperative 
Provider reported N/A 

Person Completing the 
Survey 

0 = Self 
1 = Surrogate 

0,1 
Pre- and 

postoperative 
Patient or provider 

reported 
N/A 

SILS2 questionnaire 
("How comfortable are 
you filling out medical 
forms by yourself?") 

0 = Not at all 
1 = A little bit 
2 = Somewhat 
3 = Quite a bit 
4 = Extremely 

0–4 Preoperative Patient reported X 

Body Mass Index (BMI) Weight (kg)/Height (cm) 10–70 Preoperative Medical record/EHR Xa 

Height Centimeters (cm) 
Positive number 
with one decimal 

digit 
Preoperative Medical record/EHR Xb 

Weight Kilograms (kg) 
Positive number 
with one decimal 

digit 
Preoperative Medical record/EHR Xb 

Use of Chronic (≥ 90 
days) Narcotics 

0 = No 
1 = Yes 

0,1 Preoperative 
Medical record/EHR 
(provider reported) 

X 

Total Painful Joint 
Count: Patient-Reported 
Pain in Non-Operative 
Lower Extremity Joint 
("What amount of pain 
have you experienced in 
the last week in your 
other knee/hip?") 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 Preoperative Patient reported X 
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Data Element Format Range Collection Source 
Required (Core) Data 

Elements 

Quantified Spinal Pain: 
Patient-Reported Back 
Pain, Oswestry Index 
Question (“My BACK 
PAIN at the moment is” 

0 = None 
1 = Very mild 
2 = Moderate 
3 = Fairly severe 
4 = Very severe 
5 = Worst imaginable 

0–5 Preoperative Patient reported X 

Date of Admission to 
Anchor Hospitalization 

Date (MM/DD/YYYY) N/A Postoperative Medical record/EHR X 

Date of Eligible 
Procedure 

Date (MM/DD/YYYY) N/A Postoperative Medical record/EHR X 

Note: Core Data Element refers to those elements required for successful submission per the CJR Final Rule; non-Core Elements are requested to enhance 
measure development data quality 
a Conditionally yes; collection of Height and Weight together will substitute the requirement to collect BMI 
b Conditionally yes; collection of BMI will substitute the requirement to collect Height and Weight 
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Table C2. Data Elements from the VR-12 Health Survey 

Item Format Range  Collection  

General health 

1 = Excellent 
2 = Very good 
3 = Good 
4 = Fair 
5 = Poor 

1–5 
Pre- and 

postoperative 

Does your health limit you in moderate 
activities such as moving a table, pushing 
a vacuum cleaner, bowling, or playing 
golf? 

1 = Yes, limited a lot 
2 = Yes, limited a little 
3 = No, not limited at all 

1–3 
Pre- and 

postoperative 

Does your health limit you in climbing 
several flights of stairs? 

1 = Yes, limited a lot 
2 = Yes, limited a little 
3 = No, not limited at all 

1–3 
Pre- and 

Postoperative 

During the past four weeks, have you 
accomplished less in work or other daily 
activities than you would like because of 
your physical health? 

1 = No, none of the time 
2 = Yes, a little of the time 
3 = Yes, some of the time 
4 = Yes, most of the time 
5 = Yes, all of the time 

1–5 
Pre- and 

postoperative 

During the past four weeks, were you 
limited in the kind of work or other daily 
activities because of your physical 
health? 

1 = No, none of the time 
2 = Yes, a little of the time 
3 = Yes, some of the time 
4 = Yes, most of the time 
5 = Yes, all of the time 

1–5 
Pre- and 

postoperative 

During the past four weeks, have you 
accomplished less in work or other daily 
activities than you would like as a result 
of any emotional problems (such as 
feeling depressed or anxious)? 

1 = No, none of the time 
2 = Yes, a little of the time 
3 = Yes, some of the time 
4 = Yes, most of the time 
5 = Yes, all of the time 

1–5 
Pre- and 

postoperative 

During the past four weeks, did you not 
do work or other activities as carefully as 
usual as a result of any emotional 
problems (such as feeling depressed or 
anxious)? 

1 = No, none of the time 
2 = Yes, a little of the time 
3 = Yes, some of the time 
4 = Yes, most of the time 
5 = Yes, all of the time 

1–5 
Pre- and 

postoperative 

During the past four weeks, how much 
did pain interfere with your normal work 
(including both work outside the home 
and housework)? 

1 = Not at all 
2 = A little bit 
3 = Moderately 
4 = Quite a bit 
5 = Extremely 

1–5 
Pre- and 

postoperative 

How much of the time during the past 
four weeks have you felt calm and 
peaceful? 

1 = All of the time 
2 = Most of the time 
3 = A good bit of the time 
4 = Some of the time 
5 = A little of the time 
6 = None of the time 

1–6 
Pre- and 

postoperative 
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Item Format Range  Collection  

How much of the time during the past 
four weeks have you had a lot of 
energy? 

1 = All of the time 
2 = Most of the time 
3 = A good bit of the time 
4 = Some of the time 
5 = A little of the time 
6 = None of the time 

1–6 
Pre- and 

postoperative 

How much of the time during the past 
four weeks have you felt downhearted 
and blue? 

1 = All of the time 
2 = Most of the time 
3 = A good bit of the time 
4 = Some of the time 
5 = A little of the time 
6 = None of the time 

1–6 
Pre- and 

postoperative 

During the past four weeks, how much 
of the time has your physical health or 
emotional problems interfered with your 
social activities (like visiting with friends, 
relatives, etc.)? 

1 = All of the time 
2 = Most of the time 
3 = Some of the time 
4 = A little of the time 
5 = None of the time 

1–5 
Pre- and 

postoperative 

General physical health now compared 
to one year ago 

1 = Much better 
2 = Slightly better 
3 = About the same 
4 = Slightly worse 
5 = Much worse 

1–5 
Pre- and 

postoperative 

Emotional problems (such as feeling 
anxious, depressed, or irritable) now 
compared to one year ago 

1 = Much better 
2 = Slightly better 
3 = About the same 
4 = Slightly worse 
5 = Much worse 

1–5 
Pre- and 

postoperative 

Table C3. Data Elements from PROMIS-Global (Format Reflects PROMIS-Global Version 1.2) 

Item Format Range  Collection  

General health 

1 = Poor 
2 = Fair 
3 = Good 
4 = Very good 
5 = Excellent 

1–5 
Pre- and 

postoperative 

General quality of life 

1 = Poor 
2 = Fair 
3 = Good 
4 = Very good 
5 = Excellent 

1–5 
Pre- and 

postoperative 

General physical health 

1 = Poor 
2 = Fair 
3 = Good 
4 = Very good 
5 = Excellent 

1–5 
Pre- and 

postoperative 
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Item Format Range  Collection  

General mental health 

1 = Poor 
2 = Fair 
3 = Good 
4 = Very good 
5 = Excellent 

1–5 
Pre- and 

postoperative 

General satisfaction with social 
activities and relationships 

1 = Poor 
2 = Fair 
3 = Good 
4 = Very good 
5 = Excellent 

1–5 
Pre- and 

postoperative 

General ability to carry out 
social activities and roles 

1 = Poor 
2 = Fair 
3 = Good 
4 = Very good 
5 = Excellent 

1–5 
Pre- and 

postoperative 

Ability to carry out everyday 
physical activities 

1 = Not at all 
2 = A little 
3 = Moderately 
4 = Mostly 
5 = Completely 

1–5 
Pre- and 

postoperative 

Emotional problems in past 
seven days 

1 = Always 
2 = Often 
3 = Sometimes 
4 = Rarely 
5 = Never 

1–5 
Pre- and 

postoperative 

Average fatigue in past seven 
days 

1 = Very severe 
2 = Severe 
3 = Moderate 
4 = Mild 
5 = None 

1–5 
Pre- and 

postoperative 

Average pain in past seven days 
Ten-point scale (no pain to 
worst imaginable pain) 

0–10 
Pre- and 

postoperative 
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Table C4. Data Elements from HOOS Survey 

Data Element Format Range  Collection  

Data 
Element 

from 
Subscale as 
Finalized in 

CJR Final 
Rule  

Data 
Element 

in JR 
Survey as 
Finalized 

in CJR 
Final Rule  

Symptoms: Feel grinding or 
hear clicking or any other type 
of noise from hip during the 
last week 

0 = Never 
1 = Rarely 
2 = Sometimes 
3 = Often 
4 = Always 

0–4 
Pre- and 

Postoperative 
N/A N/A 

Symptoms: Difficulties 
spreading legs wide apart 
during the last week 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
N/A N/A 

Symptoms: Difficulties striding 
out when walking during the 
last week 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
N/A N/A 

Stiffness: Severity of hip joint 
stiffness after first wakening 
in the morning during the last 
week 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
N/A N/A 

Stiffness: Severity of hip 
stiffness after sitting, lying, or 
resting later in the day during 
the last week 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
N/A N/A 

Pain: How often is your hip 
painful? 

0 = Never 
1 = Monthly 
2 = Weekly 
3 = Daily 
4 = Always 

0–4 
Pre- and 

postoperative 
X N/A 

Pain: Amount of hip pain last 
week straightening hip fully 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
X N/A 
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Data Element Format Range  Collection  

Data 
Element 

from 
Subscale as 
Finalized in 

CJR Final 
Rule  

Data 
Element 

in JR 
Survey as 
Finalized 

in CJR 
Final Rule  

Pain: Amount of hip pain last 
week bending hip fully 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
X N/A 

Pain: Amount of hip pain last 
week following walking on a 
flat surface 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
X N/A 

Pain: Amount of hip pain last 
week going up or down stairs 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
X X 

Pain: Amount of hip pain last 
week at night while in bed 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
X N/A 

Pain: Amount of hip pain last 
week sitting or lying 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
X N/A 

Pain: Amount of hip pain last 
week standing upright 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
X N/A 

Pain: Amount of hip pain last 
week walking on a hard 
surface (asphalt, concrete, 
etc.) 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
X N/A 

Pain: Amount of hip pain last 
week walking on an uneven 
surface 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
X X 
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Data Element Format Range  Collection  

Data 
Element 

from 
Subscale as 
Finalized in 

CJR Final 
Rule  

Data 
Element 

in JR 
Survey as 
Finalized 

in CJR 
Final Rule  

Function (Daily Living): Degree 
of difficulty last week due to 
your hip when descending 
stairs 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
X N/A 

Function (Daily Living): Degree 
of difficulty last week due to 
your hip when ascending 
stairs 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
X N/A 

Function (Daily Living): Degree 
of difficulty last week due to 
your hip when rising from 
sitting 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
X X 

Function (Daily Living): Degree 
of difficulty last week due to 
your hip when standing 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
X N/A 

Function (Daily Living): Degree 
of difficulty last week due to 
your hip when bending to the 
floor/picking up an object 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
X X 

Function (Daily Living): Degree 
of difficulty last week due to 
your hip when walking on a 
flat surface 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
X N/A 

Function (Daily Living): Degree 
of difficulty last week due to 
your hip when getting in/out 
of car 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
X N/A 

Function (Daily Living): Degree 
of difficulty last week due to 
your hip when going shopping 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
X N/A 
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Data Element Format Range  Collection  

Data 
Element 

from 
Subscale as 
Finalized in 

CJR Final 
Rule  

Data 
Element 

in JR 
Survey as 
Finalized 

in CJR 
Final Rule  

Function (Daily Living): Degree 
of difficulty last week due to 
your hip when putting on 
socks/stockings 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
X N/A 

Function (Daily Living): Degree 
of difficulty last week due to 
your hip when rising from bed 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
X N/A 

Function (Daily Living): Degree 
of difficulty last week due to 
your hip when taking off 
socks/stockings 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
X N/A 

Function (Daily Living): Degree 
of difficulty last week due to 
your hip when lying in bed 
(turning over, maintaining hip 
position) 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
X X 

Function (Daily Living): Degree 
of difficulty last week due to 
your hip when getting in/out 
of bath 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
X N/A 

Function (Daily Living): Degree 
of difficulty last week due to 
your hip when sitting 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
X X 

Function (Daily Living): Degree 
of difficulty last week due to 
your hip when getting on/off 
toilet 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
X N/A 
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Data Element Format Range  Collection  

Data 
Element 

from 
Subscale as 
Finalized in 

CJR Final 
Rule  

Data 
Element 

in JR 
Survey as 
Finalized 

in CJR 
Final Rule  

Function (Daily Living): Degree 
of difficulty last week due to 
your hip during heavy 
domestic duties (moving 
heavy boxes, scrubbing floors, 
etc.) 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
X N/A 

Function (Daily Living): Degree 
of difficulty last week due to 
your hip during light domestic 
duties (cooking, dusting, etc.) 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
X N/A 

Function (Sports and 
Recreational Activities): 
Degree of difficulty last week 
due to your hip during 
squatting 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
N/A N/A 

Function (Sports and 
Recreational Activities): 
Degree of difficulty last week 
due to your hip during running 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
N/A N/A 

Function (Sports and 
Recreational Activities): 
Degree of difficulty last week 
due to your hip during 
twisting/pivoting on loaded 
leg 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
N/A N/A 

Function (Sports and 
Recreational Activities): 
Degree of difficulty last week 
due to your hip during walking 
on an uneven surface 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
N/A N/A 

Quality of Life: How often are 
you aware of your hip 
problem? 

0 = Never 
1 = Monthly 
2 = Weekly 
3 = Daily 
4 = Constantly  

0–4 
Pre- and 

postoperative 
N/A N/A 
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Data Element Format Range  Collection  

Data 
Element 

from 
Subscale as 
Finalized in 

CJR Final 
Rule  

Data 
Element 

in JR 
Survey as 
Finalized 

in CJR 
Final Rule  

Quality of Life: Have you 
modified your lifestyle to 
avoid activities potentially 
damaging to your hip? 

0 = Not at all 
1 = Mildly 
2 = Moderately 
3 = Severely 
4 = Totally 

0–4 
Pre- and 

postoperative 
N/A N/A 

Quality of Life: How much are 
you troubled with lack of 
confidence in your hip? 

0 = Not at all 
1 = Mildly 
2 = Moderately 
3 = Severely 
4 = Extremely 

0–4 
Pre- and 

postoperative 
N/A N/A 

Quality of Life: General 
difficulty with hip 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
N/A N/A 

Table C5. Data Elements from the KOOS Survey 

Data Element Format Range Collection 

Data 
Element 

from 
Subscale as 
Finalized in 

CJR Final 
Rule 

Data 
Element 

in JR 
Survey as 
Finalized 

in CJR 
Final Rule 

Symptoms: Swelling in knee 
during the last week 

0 = Never 
1 = Rarely 
2 = Sometimes 
3 = Often 
4 = Always 

0–4 
Pre- and 

postoperative 
N/A N/A 

Symptoms: Feel grinding or 
hear clicking or any other type 
of noise when knee moves 
during the last week 

0 = Never 
1 = Rarely 
2 = Sometimes 
3 = Often 
4 = Always 

0–4 
Pre- and 

postoperative 
N/A N/A 

Symptoms: Knee catches or 
gets hung up when moving 
during the last week 

0 = Never 
1 = Rarely 
2 = Sometimes 
3 = Often 
4 = Always 

0–4 
Pre- and 

postoperative 
N/A N/A 
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Data Element Format Range Collection 

Data 
Element 

from 
Subscale as 
Finalized in 

CJR Final 
Rule 

Data 
Element 

in JR 
Survey as 
Finalized 

in CJR 
Final Rule 

Symptoms: Ability to 
straighten knee fully during 
the last week 

0 = Always 
1 = Often 
2 = Sometimes 
3 = Rarely 
4 = Never 

0–4 
Pre- and 

postoperative 
N/A N/A 

Symptoms: Ability to bend 
knee fully during the last week 

0 = Always 
1 = Often 
2 = Sometimes 
3 = Rarely 
4 = Never 

0–4 
Pre- and 

postoperative 
N/A N/A 

Stiffness: Severity of knee 
joint stiffness after first 
wakening in the morning 
during the last week 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
X X 

Stiffness: Severity of knee 
stiffness after sitting, lying, or 
resting later in the day during 
the last week 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
X N/A 

Pain: Frequency of knee pain 

0 = Never 
1 = Monthly 
2 = Weekly 
3 = Daily 
4 = Always 

0–4 
Pre- and 

postoperative 
X N/A 

Pain: Amount of knee pain last 
week when twisting/pivoting 
on knee 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
X X 

Pain: Amount of knee pain last 
week when straightening knee 
fully 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
X X 

Pain: Amount of knee pain last 
week when bending knee fully 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
X N/A 
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Data Element Format Range Collection 

Data 
Element 

from 
Subscale as 
Finalized in 

CJR Final 
Rule 

Data 
Element 

in JR 
Survey as 
Finalized 

in CJR 
Final Rule 

Pain: Amount of knee pain last 
week when walking on flat 
surface 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
X N/A 

Pain: Amount of knee pain last 
week when going up or down 
stairs 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
X X 

Pain: Amount of knee pain last 
week at night while in bed 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
X N/A 

Pain: Amount of knee pain last 
week when sitting or lying 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
X N/A 

Pain: Amount of knee pain last 
week when standing upright 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
X X 

Function (Daily Living): Degree 
of difficulty descending stairs 
in last week due to knee 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
X N/A 

Function (Daily Living): Degree 
of difficulty ascending stairs in 
last week due to knee 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
X N/A 

Function (Daily Living): Degree 
of difficulty rising from sitting 
in last week due to knee 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
X X 
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Data Element Format Range Collection 

Data 
Element 

from 
Subscale as 
Finalized in 

CJR Final 
Rule 

Data 
Element 

in JR 
Survey as 
Finalized 

in CJR 
Final Rule 

Function (Daily Living): Degree 
of difficulty standing in last 
week due to knee 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
X N/A 

Function (Daily Living): Degree 
of difficulty bending to 
floor/picking up an object in 
last week due to knee 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
X X 

Function (Daily Living): Degree 
of difficulty walking on flat 
surface in last week due to 
knee 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
X N/A 

Function (Daily Living): Degree 
of difficulty getting in/out of 
car in last week due to knee 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
X N/A 

Function (Daily Living): Degree 
of difficulty going shopping in 
last week due to knee 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
X N/A 

Function (Daily Living): Degree 
of difficulty putting on 
socks/stockings in last week 
due to knee 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
X N/A 

Function (Daily Living): Degree 
of difficulty rising from bed in 
last week due to knee 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
X N/A 

Function (Daily Living): Degree 
of difficulty taking off 
socks/stockings in last week 
due to knee 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
X N/A 
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Data Element Format Range Collection 

Data 
Element 

from 
Subscale as 
Finalized in 

CJR Final 
Rule 

Data 
Element 

in JR 
Survey as 
Finalized 

in CJR 
Final Rule 

Function (Daily Living): Degree 
of difficulty lying in bed 
(turning over, maintaining 
knee position) in last week 
due to knee 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
X N/A 

Function (Daily Living): Degree 
of difficulty getting in/out of 
bath in last week due to knee 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
X N/A 

Function (Daily Living): Degree 
of difficulty sitting in last week 
due to knee 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
X N/A 

Function (Daily Living): Degree 
of difficulty getting on/off 
toilet in last week due to knee 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
X N/A 

Function (Daily Living): Degree 
of difficulty with heavy 
domestic duties (moving 
heavy boxes, scrubbing floors, 
etc.) in last week due to knee 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
X N/A 

Function (Daily Living): Degree 
of difficulty with light 
domestic duties (cooking, 
dusting, etc.) in last week due 
to knee 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
X N/A 

Function (Sports and 
Recreational Activities): 
Degree of difficulty squatting 
in last week due to knee 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
N/A N/A 

Function (Sports and 
Recreational Activities): 
Degree of difficulty running in 
last week due to knee 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
N/A N/A 
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Data Element Format Range Collection 

Data 
Element 

from 
Subscale as 
Finalized in 

CJR Final 
Rule 

Data 
Element 

in JR 
Survey as 
Finalized 

in CJR 
Final Rule 

Function (Sports and 
Recreational Activities): 
Degree of difficulty jumping in 
last week due to knee 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
N/A N/A 

Function (Sports and 
Recreational Activities): 
Degree of difficulty 
twisting/pivoting on your 
injured knee in last week due 
to knee 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
N/A N/A 

Function (Sports and 
Recreational Activities): 
Degree of difficulty kneeling in 
last week due to knee 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
N/A N/A 

Quality of Life: How often are 
you aware of your knee 
problem? 

0 = Never 
1 = Monthly 
2 = Weekly 
3 = Daily 
4 = Constantly 

0–4 
Pre- and 

postoperative 
N/A N/A 

Quality of Life: Have you 
modified your lifestyle to 
avoid potentially damaging 
activities to your knee? 

0 = Not at all 
1 = Mildly 
2 = Moderately 
3 = Severely 
4 = Totally 

0–4 
Pre- and 

postoperative 
N/A N/A 

Quality of Life: How much are 
you troubled with lack of 
confidence in your knee? 

0 = Not at all 
1 = Mildly 
2 = Moderately 
3 = Severely 
4 = Extremely 

0–4 
Pre- and 

postoperative 
N/A N/A 

Quality of Life: General 
difficulty with knee 

0 = None 
1 = Mild 
2 = Moderate 
3 = Severe 
4 = Extreme 

0–4 
Pre- and 

postoperative 
N/A N/A 
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Appendix D: TEP Risk Variable Survey Results 

In 2014, we surveyed the TEP regarding the relative priority of various risk variables. We asked the TEP 

to consider both clinical importance and feasibility in their overall prioritization. The rating options 

included an overall priority score of High, Medium, or Low. Nine of 15 TEP members completed the 

survey. 

Table D1. Summary Results from TEP Survey on Risk Variable Priority 

Risk Factor 
Score Summary 
(Number Voted for High, Medium, 
Low) 

Age High (8); Medium (1) 

Baseline expectations about joint replacement Medium (1); Low (8) 

Gender High (8); Low (1) 

Living circumstances High (1); Medium (3); Low (5) 

Motivation score High (1); Medium (1); Low (6) 

Social functioning High (6); Medium (2) 

Social support High (3); Medium (2); Low (4) 

Functional Independence Measure (FIM) High (1); Medium (1); Low (7) 

Harris Hip Score Medium (2); Low (7) 

Health Status Questionnaire (HSQ) Medium (1); Low (8) 

Preoperative PRO score High (7); Low (2) 

Walking distance  Medium (4); Low (5) 

Number of comorbidities High (2); Medium (1); Low (2) 

American Society of Anesthesiologists (ASA) physical status 
classification system 

High (3); Medium (1); Low (1) 

Bodily pain High (2); Medium (1); Low (2) 

BMI High (3); Medium (2) 

Cancer High (2); Medium (2); Low (1) 
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Risk Factor 
Score Summary 
(Number Voted for High, Medium, 
Low) 

Cardiac disease High (4); Low (1) 

Chronic pain management High (2); Medium (3) 

Diabetes High (3); Low (2) 

Duration of symptoms Medium (1); Low (4) 

History of Deep Venous Thrombosis/Pulmonary Embolism 
(DVT/PE) 

High (4); Medium (1) 

Immunocompromised/HIV High (3); Medium (2) 

Inflammatory arthritis High (4); Low (1) 

Nutritional status High (4); Low (1) 

Peripheral vascular disease High (2); Medium (2); Low (1) 

Other joint or musculoskeletal problems High (1); Medium (3); Low (1) 

Poor circulation High (3); Medium (1); Low (1) 

Pain when walking High (1); Medium (1); Low (3) 

Pain visual analogue scale High (1); Medium (2); Low (2) 

Smoking status High (3); Medium (1); Low (1) 

Depression High (8) 

Mini Mental State Examination (MMSE) score Medium (3); Low (5) 

Presence of anxiety or depression High (7); Medium (1) 

Helplessness High (1); Medium (2); Low (5) 

Abduction deficiency High (1); Medium (3); Low (3) 

Angular deformity High (4); Medium (1); Low (2) 

Congenital deformity High (3); Medium (3); Low (1) 

Extensor mechanism deficiency High (4); Low (3) 

Flexion contracture High (1); Medium (5); Low (1) 
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Risk Factor 
Score Summary 
(Number Voted for High, Medium, 
Low) 

Gait aides Medium (4); Low (3) 

Infrapatellar index less than 75% Medium (1); Low (6) 

Index of severity for knee disease (ISK) Medium (1); Low (5) 

Post traumatic arthritis Medium (3); Low (4) 

Previous hip injury Medium (4); Low (3) 

Previous infection High (5); Low (1) 

Previous open surgery High (4); Medium (1); Low (2) 

Previous surgery on lower limb Medium (2); Low (5) 

Radiographic severity High (1); Medium (2); Low (4) 

Range of motion High (1); Medium (3); Low (3) 

Surgical approach Low (7) 

Education High (2); Medium (2); Low (5) 

Workman’s compensation High (5); Low (4) 

Marital status Medium (3); Low (6) 

Residence (urban/rural) Medium (3); Low (6) 

Employment High (1); Medium (2); Low (6) 

Race High (2); Medium (3); Low (4) 

Socioeconomic status/Income High (2); Medium (5); Low (2) 
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Appendix E: Candidate Risk Variables Included in Risk 

Modeling 

The variables in Table E1 are the candidate variables from which we selected the proposed risk model 

variables. The Condition Category (CC) groupings below reflect combinations based upon clinical input 

and empirical data, as well as how the CCs have been grouped in existing CMS measures, specifically the 

elective primary THA/TKA readmission and complication measures. 

Table E1. List of Risk Variables Used for Risk Model Selection 

Risk Variables Data Source 

Age PRO data collection 

Sex PRO data collection 

BMI PRO data collection 

Health Literacy (Comfort Filling Out Medical Forms by Yourself) PRO data collection 

Narcotic Use for >90 days PRO data collection 

Pain in Non-Operative Lower Extremity Joint in past week PRO data collection 

Back Pain at preoperative assessment PRO data collection 

PROM Survey Respondent (Self or Surrogate) PRO data collection 

PROMIS-Global Mental Health subscale score at preoperative 

assessment 
PRO data collection 

History of Congenital Hip Dysplasia Derived from ICD-10 codes 

History of Chronic Narcotic Use or Opioid Abuse Derived from ICD-10 codes 

History of Deep Vein Thrombosis/Pulmonary Embolism Derived from ICD-10 codes 

History of Hip/Knee Deformities Derived from ICD-10 codes 

History of Post-traumatic Arthropathy Derived from ICD-10 codes 

History of Smoking Derived from ICD-10 codes 

Severe infection; other infectious diseases (CC 1, 3-7) 
Condition Categories (CCs) 

and CC groupings 

Septicemia, sepsis, systemic inflammatory response 

syndrome/shock (CC 2)  

Condition Categories (CCs) 

and CC groupings 

Metastatic cancer or acute leukemia (CC 8) 
Condition Categories (CCs) 

and CC groupings 

Other major cancers (CC 9-12) 
Condition Categories (CCs) 

and CC groupings 

Respiratory/heart/digestive/urinary/other neoplasms (CC 13-15) 
Condition Categories (CCs) 

and CC groupings 

Benign neoplasms of skin, breast, eye (CC 16)  
Condition Categories (CCs) 

and CC groupings 
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Risk Variables Data Source 

Diabetes mellitus (DM) or DM complications (CC 17-19, 122-123) 
Condition Categories (CCs) 

and CC groupings 

Protein-calorie malnutrition (CC 21) 
Condition Categories (CCs) 

and CC groupings 

Morbid obesity (CC 22) 
Condition Categories (CCs) 

and CC groupings 

Other significant endocrine and metabolic disorders; disorders of 

fluid/electrolyte/acid-base balance (CC 23-24) 

Condition Categories (CCs) 

and CC groupings 

Disorders of thyroid, cholesterol, lipids (CC 25-26) 
Condition Categories (CCs) 

and CC groupings 

Liver disease (CC 27-31) 
Condition Categories (CCs) 

and CC groupings 

Gallbladder and biliary tract disorders (CC 32) 
Condition Categories (CCs) 

and CC groupings 

Chronic pancreatitis (CC 34) 
Condition Categories (CCs) 

and CC groupings 

Peptic ulcer, hemorrhage, other specified gastrointestinal disorders 

(CC 36) 

Condition Categories (CCs) 

and CC groupings 

Other gastrointestinal disorders (CC 38) 
Condition Categories (CCs) 

and CC groupings 

Bone/joint/muscle infections/necrosis (CC 39) 
Condition Categories (CCs) 

and CC groupings 

Rheumatoid arthritis and inflammatory connective tissue disease 

(CC 40) 

Condition Categories (CCs) 

and CC groupings 

Disorders of the vertebrae and spinal discs (CC 41) 
Condition Categories (CCs) 

and CC groupings 

Osteoarthritis of hip or knee (CC 42) 
Condition Categories (CCs) 

and CC groupings 

Osteoporosis and other bone/cartilage disorders (CC 43)  
Condition Categories (CCs) 

and CC groupings 

Other musculoskeletal and connective tissue disorders (CC 45) 
Condition Categories (CCs) 

and CC groupings 

Severe hematological disorders (CC 46) 
Condition Categories (CCs) 

and CC groupings 

Disorders of immunity (CC 47) 
Condition Categories (CCs) 

and CC groupings 

Coagulation defects and other specified hematological disorders 

(CC 48) 

Condition Categories (CCs) 

and CC groupings 
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Risk Variables Data Source 

Iron deficiency or other/unspecified anemias and blood disease (CC 

49) 

Condition Categories (CCs) 

and CC groupings 

Delirium and encephalopathy (CC 50)  
Condition Categories (CCs) 

and CC groupings 

Dementia or other specified brain disorders (CC 51-53) 
Condition Categories (CCs) 

and CC groupings 

Drug/alcohol abuse/dependence/psychosis (CC 54-56) 
Condition Categories (CCs) 

and CC groupings 

Major psychiatric disorders (CC 57-59) 
Condition Categories (CCs) 

and CC groupings 

Depression (CC 61) 
Condition Categories (CCs) 

and CC groupings 

Anxiety disorders (CC 62) 
Condition Categories (CCs) 

and CC groupings 

Other psychiatric disorders (CC 63) 
Condition Categories (CCs) 

and CC groupings 

Mental retardation or developmental disability (CC 64-68) 
Condition Categories (CCs) 

and CC groupings 

Hemiplegia, paraplegia, paralysis, functional disability (CC 70-74, 

103-104, 189-190) 

Condition Categories (CCs) 

and CC groupings 

Neuropathy; muscular dystrophy (CC 75-76) 
Condition Categories (CCs) 

and CC groupings 

Multiple sclerosis; mononeuropathy, other neurological 

conditions/injuries (CC 77, 81) 

Condition Categories (CCs) 

and CC groupings 

Parkinson's and Huntington's diseases (CC 78) 
Condition Categories (CCs) 

and CC groupings 

Seizure disorders and convulsions (CC 79) 
Condition Categories (CCs) 

and CC groupings 

Coma, brain compression/anoxic damage (CC 80) 
Condition Categories (CCs) 

and CC groupings 

Respirator dependence/respiratory failure (CC 82-83) 
Condition Categories (CCs) 

and CC groupings 

Cardio-respiratory failure and shock (CC 84 plus ICD-10-CM codes 

R09.01 and R09.02, for discharges on or after October 1, 2015; CC 

84 plus ICD-9-CM diagnosis codes 799.01 and 799.02, for discharges 

prior to October 1, 2015) 

Condition Categories (CCs) 

and CC groupings 

Congestive heart failure (CC 85) 
Condition Categories (CCs) 

and CC groupings 
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Risk Variables Data Source 

Acute coronary syndrome (CC 86-87) 
Condition Categories (CCs) 

and CC groupings 

Coronary atherosclerosis or angina (CC 88-89) 
Condition Categories (CCs) 

and CC groupings 

Heart infection/inflammation, and valvular and rheumatic heart 

disease (CC 90 -91) 

Condition Categories (CCs) 

and CC groupings 

Congenital cardiac/circulatory defects (CC 92-93) 
Condition Categories (CCs) 

and CC groupings 

Hypertension and hypertensive disease (CC 94-95) 
Condition Categories (CCs) 

and CC groupings 

Specified arrhythmias and other heart rhythm disorders (CC 96-97) 
Condition Categories (CCs) 

and CC groupings 

Other and unspecified heart disease (CC 98) 
Condition Categories (CCs) 

and CC groupings 

Stroke (CC 99-100) 
Condition Categories (CCs) 

and CC groupings 

Cerebrovascular disease (CC 101-102, 105) 
Condition Categories (CCs) 

and CC groupings 

Vascular or circulatory disease (CC 106-109) 
Condition Categories (CCs) 

and CC groupings 

Chronic obstructive pulmonary disease (COPD) (CC 111) 
Condition Categories (CCs) 

and CC groupings 

Fibrosis of lung or other chronic lung disorders (CC 112) 
Condition Categories (CCs) 

and CC groupings 

Asthma (CC 113)  
Condition Categories (CCs) 

and CC groupings 

Pneumonia; pleural effusion/pneumothorax (CC 114-117) 
Condition Categories (CCs) 

and CC groupings 

Other respiratory disorders (CC 118) 
Condition Categories (CCs) 

and CC groupings 

Legally blind (CC 119)  
Condition Categories (CCs) 

and CC groupings 

Other retinal disorders (CC 125) 
Condition Categories (CCs) 

and CC groupings 

Other eye disorders (CC 128) 
Condition Categories (CCs) 

and CC groupings 

Significant ear, nose, and throat disorders (CC 129) 
Condition Categories (CCs) 

and CC groupings 
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Risk Variables Data Source 

Other ear, nose, throat, and mouth disorders (CC 131) 
Condition Categories (CCs) 

and CC groupings 

Transplants (CC 132, 186) 
Condition Categories (CCs) 

and CC groupings 

Dialysis status (CC 134) 
Condition Categories (CCs) 

and CC groupings 

Renal failure (CC 135-140) 
Condition Categories (CCs) 

and CC groupings 

Nephritis (CC 141) 
Condition Categories (CCs) 

and CC groupings 

Urinary incontinence (CC 143) 
Condition Categories (CCs) 

and CC groupings 

Urinary tract infection (CC 144) 
Condition Categories (CCs) 

and CC groupings 

Other urinary tract disorders (CC 145) 
Condition Categories (CCs) 

and CC groupings 

Other female genital disorders (CC 148) 
Condition Categories (CCs) 

and CC groupings 

Male genital disorders (CC 149) 
Condition Categories (CCs) 

and CC groupings 

Decubitus ulcer or chronic skin ulcer (CC 157-161) 
Condition Categories (CCs) 

and CC groupings 

Cellulitis, local skin infection (CC 164) 
Condition Categories (CCs) 

and CC groupings 

Other dermatological disorders (CC 165) 
Condition Categories (CCs) 

and CC groupings 

Trauma (CC 166-168, 170-173) 
Condition Categories (CCs) 

and CC groupings 

Vertebral fractures without spinal cord injury (CC 169) 
Condition Categories (CCs) 

and CC groupings 

Other injuries (CC 174) 
Condition Categories (CCs) 

and CC groupings 

Poisonings and allergic and inflammatory reactions (CC 175) 
Condition Categories (CCs) 

and CC groupings 

Major complications of medical care and trauma (CC 176-177) 
Condition Categories (CCs) 

and CC groupings 

Major symptoms, abnormalities (CC 178) 
Condition Categories (CCs) 

and CC groupings 
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Risk Variables Data Source 

Minor symptoms, signs, findings (CC 179) 
Condition Categories (CCs) 

and CC groupings 
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Appendix F: Clinically Derived vs. Empirically Derived Risk 

Model Measure Results 

Model performance statistics for the clinically derived models are highly comparable to those for the 

empirically derived models, and scatterplot analyses demonstrated high correlation of hospital-specific 

RSIRs regardless of the model approach (Figure F1 and Figure F2). 

Figure F1. Scatterplot of Clinically Derived RSIR by Empirically Derived RSIR by Hospital for THA 
Patients on HOOS, JR 
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Figure F2. Scatterplot of Clinically Derived RSIR by Empirically Derived RSIR by Hospital for TKA 
Patients on KOOS, JR 
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