
Western University Western University 

Scholarship@Western Scholarship@Western 

Electronic Thesis and Dissertation Repository 

1-31-2021 10:45 AM 

Predicting Dissatisfaction with Total Knee Arthroplasty Predicting Dissatisfaction with Total Knee Arthroplasty 

Joseph S. Munn, The University of Western Ontario 

Supervisor: Dr. Bert Chesworth, The University of Western Ontario 

A thesis submitted in partial fulfillment of the requirements for the Doctor of Philosophy degree 

in Health and Rehabilitation Sciences 

© Joseph S. Munn 2021 

Follow this and additional works at: https://ir.lib.uwo.ca/etd 

 Part of the Other Analytical, Diagnostic and Therapeutic Techniques and Equipment Commons, Other 

Rehabilitation and Therapy Commons, and the Surgical Procedures, Operative Commons 

Recommended Citation Recommended Citation 
Munn, Joseph S., "Predicting Dissatisfaction with Total Knee Arthroplasty" (2021). Electronic Thesis and 
Dissertation Repository. 8400. 
https://ir.lib.uwo.ca/etd/8400 

This Dissertation/Thesis is brought to you for free and open access by Scholarship@Western. It has been accepted 
for inclusion in Electronic Thesis and Dissertation Repository by an authorized administrator of 
Scholarship@Western. For more information, please contact wlswadmin@uwo.ca. 

https://ir.lib.uwo.ca/
https://ir.lib.uwo.ca/etd
https://ir.lib.uwo.ca/etd?utm_source=ir.lib.uwo.ca%2Fetd%2F8400&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/994?utm_source=ir.lib.uwo.ca%2Fetd%2F8400&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/758?utm_source=ir.lib.uwo.ca%2Fetd%2F8400&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/758?utm_source=ir.lib.uwo.ca%2Fetd%2F8400&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/974?utm_source=ir.lib.uwo.ca%2Fetd%2F8400&utm_medium=PDF&utm_campaign=PDFCoverPages
https://ir.lib.uwo.ca/etd/8400?utm_source=ir.lib.uwo.ca%2Fetd%2F8400&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:wlswadmin@uwo.ca


ii 
 

 Abstract 

Total knee arthroplasty (TKA) is a common and effective treatment for end-stage osteoarthritis. 

However, approximately 20% of patients are consistently found to be dissatisfied or unsure of their 

satisfaction with their TKA at 1-year post-surgery. Two strategies for reducing dissatisfaction have 

appeared in the literature. The first aims to reduce the number of dissatisfied patients who will undergo 

surgery by identifying patients likely to be dissatisfied pre-surgery. The second aims to implement 

interventions that improve patient satisfaction by generating realistic expectations for outcomes and by 

association improving met expectations scores. It may be possible to improve the performance of these 

interventions by identifying dissatisfied patients early in the recovery process. This thesis aimed to 

determine if dissatisfied patients can be identified pre-surgery or early in the recovery process as well as 

to better understand the met expectations variable.  

 

Four studies were completed for this thesis. Study 1 attempted to predict 1-year post-surgery 

dissatisfaction using logistic regression and machine learning methods with pre-surgery and surgical 

variables. Study 2 aimed to identify patients dissatisfied at 1-year post-surgery using logistic regression 

and classification trees with pre and 3-month post-surgery data. Study 3 expanded on the findings of 

study 2 by creating a prediction tool to identify dissatisfied patients that can be easily administered in a 

clinical setting at 3-months post-surgery. This was done by using a pooled index that included five 

individual questionnaire items drawn from the 3-month post-surgery Knee injury and Osteoarthritis 

Outcome Score and the Knee Society Knee Scoring System questionnaires. Study 4 investigated the 1-

year post-surgery met expectations variable and its relationship with satisfaction.  

 

The results of study 1 indicated that pre-surgery and surgical variables were not sufficient to 

discriminate between satisfied and dissatisfied patients at 1-year post-surgery. The results of study 2 

indicated that it is feasible to accurately identify patients who will be dissatisfied at 1-year post-surgery 

using 3-months post-surgery data. Study 3 found that the pooled index was able to accurately 

discriminate between satisfied and dissatisfied patients. The results of study 4 indicate that met 

expectations moderate the relationship between pain and satisfaction. This means that as met 

expectations scores increase, pain becomes less important for improving satisfaction.  
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Overall, this thesis found that patients dissatisfied at 1-year post-surgery cannot accurately be identified 

using pre-surgery and surgical variables. However, these patients can be identified at 3-months post-

surgery using a simple prediction tool that can be easily administered in a clinical setting. Lastly, this 

thesis found that met expectations represent an important subjective threshold for patients and it may 

be reasonable to target unmet expectations to improve satisfaction. 

 

Keywords: Prediction, Patient satisfaction, Patient expectations, Total knee arthroplasty, TKA 
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Summary for Lay Audience 

Total knee arthroplasty (TKA) or total knee replacement is a popular and effective treatment for severe 

osteoarthritis. However, approximately 20% of patients are found to be dissatisfied with their TKA 1-

year post-surgery. There have been two general strategies to reduce dissatisfaction rates presented in 

the literature. The first aims to reduce the number of dissatisfied patients who will undergo surgery by 

identifying patients likely to be dissatisfied pre-surgery. The second strategy is to introduce 

interventions that reduce dissatisfaction. When interventions have been attempted, they have aimed to 

generate realistic expectations for patients to improve met expectations scores and by association 

patient satisfaction. These interventions have had mixed results. Identifying dissatisfied patients early in 

the recovery process and better understanding the met expectations variable could help make 

interventions more effective. This thesis investigated if dissatisfied patients can be identified pre-surgery 

or early in the recovery process and aimed to better understand patients’ met expectations.  

 

Four studies were completed for this thesis. The first attempted to identify patients who would be 

dissatisfied at 1-year post-surgery using only pre-surgery data. This study found that dissatisfied patients 

at 1-year post-surgery could not be identified pre-surgery. The second and third studies attempted to 

identify dissatisfied patients early in the recovery process. These studies found that dissatisfied patients 

can be identified early post-surgery. The third study also found that this can be done using a simple tool 

that can be easily administered in a clinical setting. The fourth study investigated the met expectations 

variable to try and better understand its relationship with satisfaction. This study found that as met 

expectations increased, pain became less important for predicting dissatisfaction. This means that met 

expectations may represent an important subjective performance threshold for patients. Overall, this 

thesis found that 1-year post-surgery dissatisfaction cannot be predicted before surgery; but it can be 

identified early in the recovery process. Lastly, this thesis found that met expectations represent an 

important threshold for performance and it may be reasonable to target unmet expectations to improve 

patient satisfaction. 
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1 Introduction 

1.1 Osteoarthritis and Total Knee Arthroplasty 

Osteoarthritis (OA) is an extremely prevalent debilitating disease that affects approximately 1 in 8 

Canadians1. Typical OA symptoms include joint pain, stiffness, and swelling. These symptoms 

progressively worsen over time, are the result of joint damage that cannot be repaired by the body, and 

result in reduced quality of life1–3. The joints most commonly affected by OA are the hands, knees, hips, 

spine, and feet1–3. The Arthritis Alliance of Canada has outlined three key strategies for prevention and 

treatment of arthritis, these include: obesity reduction, effective pain management strategies, and total 

joint arthroplasty (TJA)1.  

 

TJA is a surgical procedure where the diseased joint is removed and replaced with a prosthetic. This 

treatment is typically reserved for end-stage OA. TJA has been found to be a very effective treatment for 

patients, often relieving pain and improving joint function. Along with benefits to the patient, it is 

estimated that between 2010 and 2040 enhanced access to TJA will result in a cumulative cost savings of 

$17 billion for Canadians1.  

 

Total knee arthroplasty (TKA) is an extremely common type of TJA, with 60,209 knees being replaced in 

Canada in 2019-20204. In recent years the number of TKAs has risen by roughly 5% a year, with this 

trend expected to continue. At an average cost of $10,500 per procedure this represented an 

approximate $632 million cost to the health care system in 2019-2020 alone4.  

 

Despite the evidence that TKA is an effective and cost-effective treatment, a significant number of 

patients are dissatisfied with their surgery. Approximately 20% of patients are consistently found to be 

dissatisfied following TKA, with studies reporting dissatisfaction rates as high as 35%5,6. Considering the 

prevalence, growth, and the cost of TKA, the problem of dissatisfied patients is a significant one. 

 

1.2 Patient Satisfaction 

Patient satisfaction is a concept that has not been concretely and consistently defined and there does 

not appear to be an agreed upon definition7. Patient satisfaction is considered a multidimensional8 and 

subjective concept which can have different meanings for patients based on circumstances and past life 
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experiences7. Definitions of patient satisfaction provided in the literature tend to fall into two different 

categories. The first set of definitions describes satisfaction as a patient’s attitudes or emotions towards  

different elements of care7,9,10. The second set of definitions compare health care service or outcomes 

received to a set of subjective standards or expectations held by the patients7,8,11. Expectation 

confirmation theory provides a framework that describes how outcomes and expectations relate to 

satisfaction12. This theory states that the difference between expectations and actual outcomes 

determine satisfaction. Although not explicitly defined or stated, satisfaction is often discussed within 

the context of expectation confirmation theory in the TKA literature13.  

 

1.3 Conceptual Framework of TKA Satisfaction for This Dissertation 

The conceptual framework of TKA satisfaction employed for this thesis is included in figure 1.1. This 

framework has been adapted from expectation confirmation theory12. Oliver’s12 expectation 

confirmation theory framework has been included in blue, with adaptations to the framework included 

in green.  

 

The traditional expectation confirmation theory model includes three factors that directly or indirectly 

impact satisfaction. The first factor is perceived performance (knee pain and knee function), which 

directly influences satisfaction as well as influencing confirmation (post-surgery met expectations). The 

second factor is expectation (pre-surgery expectations). A patient expectation has been defined as the 

anticipation that an outcome is likely to occur as a result of a medical intervention14. This primarily 

affects satisfaction by being the reference point or the desired level of performance that the outcome of 

the surgery or actual knee performance is compared against. It has also been suggested that perceived 

performance and expectations can influence each other13. For example, a patient with poorer pre-

surgery performance may expect more dramatic improvement post-surgery. Confirmation (post-surgery 

met expectations) is the patient’s evaluation of the disparity between expected and actual performance. 

If actual performance does not meet or exceed expected performance, then it is theorized that a patient 

is more likely to be dissatisfied.  

 

The adaptations to the expectation confirmation theory model represent additional variables that have 

been found or hypothesized to influence TKA satisfaction. Mental health, general health, surgical 

factors, and demographic factors are thought to both directly and indirectly affect satisfaction5,6,15. 
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Lastly a line connecting pre-surgery expectations and satisfaction has been included. It has been 

suggested that if patients expect a better outcome, they are more likely to achieve a better outcome13. 

This indicates that pre-surgery expectations may directly affect satisfaction.  

  

 

Figure 1.1. The conceptual framework of TKA satisfaction adapted from the expectation confirmation 
theory model of Oliver12. 
TKA, Total Knee Arthroplasty 

 

1.4 Reducing TKA Dissatisfaction Through Prediction 

There are two non-surgical strategies for improving TKA patient satisfaction rates that have been 

explored in the literature. The first is to decrease the number of patients who will be dissatisfied who 

receive a TKA. Reducing the number of dissatisfied patients’ pre-surgery would require that it be 

possible to predict which patients will be dissatisfied before they undergo surgery. TKA satisfaction 

prediction models have previously been attempted in the literature, although it is not clear how useful 

they can be16–19. This is explored in greater detail in the literature review (section 2.5).  

 

The second strategy involves the implementation of interventions to improve satisfaction. These 

interventions have frequently attempted to improve satisfaction by exploiting the expectations and 
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confirmation components of the expectation confirmation theory framework by generating realistic 

expectations for patients20–22. These interventions have had mixed results and are explored in greater 

detail in the literature review (section 2.4). It has been suggested that it may be possible to identify 

patients as candidates for intervention early in the post-surgical recovery period (e.g. at 3-months post-

surgery) although, there has been limited investigation in this area. Additional information is provided in 

the literature review (section 2.5).  

 

This thesis aimed to determine if dissatisfied patients can be identified pre-surgery or early in the 

recovery process as well as to better understand the met expectations variable. Informed by the 

conceptual framework of TKA satisfaction created for this dissertation, four studies were completed. 

 

1.5 Thesis Summary and Structure 

This dissertation is presented as an integrated article that includes four studies (chapters 4-7). Chapter 1 

introduces the dissertation subject and conceptual framework. Chapter 2 is a review of the TKA 

satisfaction literature. Chapter 3 outlines the thesis objectives. Chapter 4 includes a study that attempts 

to predict 1-year post-surgery dissatisfaction using logistic regression and machine learning methods 

with pre-surgery and surgical variables. Chapter 5 includes a study that attempts to identify 1-year post-

surgery dissatisfaction with pre-surgery and 3-month post-surgery variables using logistic regression and 

classification trees. Chapter 6 includes a study that created a pooled index to predict 1-year post-surgery 

dissatisfaction using 3-month post-surgery data that can be easily transported to a clinical setting. 

Chapter 7 includes a study that evaluates how met expectations moderate the relationship between 

pain/function and satisfaction. Chapter 8 includes an overall discussion of the thesis findings, 

implications, limitations, and future research directions. Sample size and data quality information for all 

studies has been included in Appendices A and B.  
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2 Literature Review 

2.1 Introduction 

This literature review is divided into seven sections. Section one introduces the literature review. 

Section two provides some additional background total knee arthroplasty (TKA) background. Section 

three discusses the measurement and analysis of TKA satisfaction. Section four discusses factors that 

have been found to be associated with TKA satisfaction. Section five discusses interventions that have 

been implemented to improve TKA satisfaction. Section six examines the pre-surgery and early post-

surgery prediction of dissatisfied patients. Lastly, section seven provides a statement of the problem, 

identifies gaps in the literature, and provides a rationale for this dissertation. 

 

2.2 Additional TKA Background 

2.2.1 Indicators for and Contraindicators for TKA 

TKA is typically reserved for patients with moderate to severe radiological and clinical osteoarthritis 

symptoms1. However, physicians and surgeons are inconsistent in their identification of physical and 

clinical indicators for TKA and clear symptom thresholds have not been established1,2. Physical 

symptoms generally include joint space narrowing, the presence and size of osteophytes and bone cysts, 

squaring of the condyles, and bone sclerosis3. Clinical symptoms typically include pain during activities, 

pain at rest or occurring at night, difficulties performing activities of daily living, and decreased mobility4. 

Pain and disability should be adversely affecting a patient’s quality of life on a daily basis4. Additionally, 

it is generally agreed that TKA should only be considered after the patient has failed to respond to more 

conservative non-operative treatments1,3.  

 

With the exception of severe psychiatric disorders, such as advanced dementia, there are essentially no 

agreed upon contraindications for TKA1. However, there are contextual factors that that may affect the 

outcome or benefit that a patient is likely to experience from surgery. These include, but are not limited 

to, age5, sex6 , body mass index (BMI)7, mental health1,8, comorbidities8,9, other troublesome joints9, 

health-related quality of life10, arthritis severity11, pre-surgery functional ability8,12, pre-surgery pain5,8, 

employment status13,14, worker compensation14, wait times15, smoking status16, opioid use17,18, and 

readiness to undergo surgery19. 
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2.2.2 TKA Recovery 

Patients typically take 1-year to fully recover from TKA20. Within this 1-year period, most patients follow 

a similar recovery pattern. Immediately following surgery, patients will experience increased pain and 

decreased functional ability21. From the date of surgery to 3-months post-surgery, patients will 

experience the majority of their progress with rapid improvements in pain and function20,21.  Between 3 

and 6-months post-surgery, patients will continue to improve, although at a slower pace20. From 6-

months to 1-year post-surgery, change in the performance of the knee is minimal, however, small 

improvements are still noted20. This recovery pattern is observed in range of motion, pain relief, 

quadricep strength, and general function20,21. It is possible for improvements to be observed beyond 1-

year post-surgery, however, patient reported outcome measures (PROMs) scores have generally been 

found to be the same in patients at 1 and 2-years post-surgery22. 

 

2.2.3 Evaluating the Outcome of a TKA 

2.2.3.1 Determinants of a Good Outcome 

When determining if a patient has achieved a good outcome or the surgery was successful, there are 

multiple factors that must be considered. Ideally the surgery should be complication free and surgical 

intervention or revision should not be required23,24. Potential complications and common modes of 

failure that arise during and following surgery include fractures, infections, loosening of the implant, 

improper alignment of the implant, and post-surgery complications unrelated to the knee that require 

an extended hospital stay23,24. Additionally, it is desirable that the replaced knee have no or limited 

flexion contracture or extension lag, good mediolateral stability with <5o of movement in the joint, good 

anteroposterior stability with <5mm of movement, neutral alignment, good range of motion with >120o 

of flexion, and minimal stiffness, swelling or clicking in the knee25. Lastly, good PROMs including pain26,27, 

functional ability26,27, and health-related quality of life10 are important for a patient to achieve a good 

outcome. 

 

2.2.4 Defining a Good TKA Outcome 

The outcome of TKA is typically defined using patient satisfaction26–28. Patient satisfaction generally 

requires that the patient have their expectations met5,29–32 and experience substantial improvements in 

pain26,27, functional ability26,27, and health-related quality of life10. In addition to satisfaction, other 
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methods of defining a good outcome have been used. These include using pain and function PROMs 

alone, as well as employing composite scores that pool outcomes.  

 

When using pain and function scores alone, success is typically defined using minimally clinically 

important differences or by establishing patient reported performance thresholds that must be met for 

a patient to be satisfied9,33–36. However, these thresholds are typically established using some type of 

satisfaction or quality of life measure.  

 

Composite scores that have been used to assess surgical success typically pool PROMs outcomes into a 

single score that is then used to determine if a good outcome was achieved. These scores generally 

include an assessment of pain, function, satisfaction, and willingness to undergo surgery again14,33,34. 

Additionally, the OARSI-OMERACT responder criteria in combination with patient satisfaction has been 

employed to define a good outcome19,37.  

 

At present there does not appear to be an agreed upon or method of defining a good outcome in the 

TKA literature. However, all methods generally require that patients experience significant pain relief 

and functional improvement. 

 

2.3 TKA Patient Satisfaction 

2.3.1 Measurement of Patient Satisfaction for TKA 

TKA patient satisfaction has been measured in a variety of different ways, however, it is most frequently 

measured using a single item general satisfaction Likert style question5,38–48. This question typically has 

five5,41,45–47,49,50 possible response options ranging from very dissatisfied to very satisfied, although some 

researchers have employed 1148, 1051, 438,42,52,53, 339,43,54, and 240 possible responses. A neutral, neither 

satisfied or dissatisfied, or an unsure response option is typically included in these questionnaires. A 

single item visual analogue scale has also been used55. Other studies have aggregated scores of multiple 

items, either by summing or taking the mean of the response values38,42. Even when continuous scores 

are used, they are typically dichotomized. These satisfaction measures are frequently unvalidated. 

 



10 

 

2.3.2 Analysis of Patient Satisfaction for TKA 

The most common methods of analyzing patient satisfaction are ordinal logistic regression10, binary 

logistic regression5,38,39,43–46,48,50,52,56, linear regression42,46–48, and tree-based machine learning 

methods57,58.  

 

Ordinal logistic regression is an analysis method that is employed to analyze an ordinal dependent 

variable as predicted by one or more independent variable59. 

 

Logistic Regression is an analysis method that is employed to analyze a binary dependent variable as 

predicted by one or more independent variables60.  

 

Linear regression is an analysis method that is employed to analyze a continuous dependent variable as 

predicted by one or more independent variables60.  

 

Tree-based machine learning methods are a set of algorithms that use variations of a classification tree 

or combinations of classification trees to predict a categorical dependent variable using one or more 

independent variables61. 

 

2.4 Factors Affecting TKA Patient Satisfaction  

2.4.1 Demographic Factors 

2.4.1.1 Age 

Age appears to have a complex relationship with satisfaction. Bourne5 found that advanced age is a 

predictor of dissatisfaction, however, Huijberts40 found that as age increases patients become more 

likely to be satisfied. Additionally, Clement62, and Goh63 have found that patients over the age of 80 

were more and less satisfied, respectively, than their younger counterparts. Patient satisfaction has also 

been reported to be lower among patients under 5564,65, with greater levels of residual pain and 

limitation in function following surgery66. Conversely, it has also been reported that patients under the 

age of 60 are more satisfied with their surgery and more likely to have their expectations met52. Based 

on the available literature, it is unclear precisely what effect age has on patient satisfaction. 
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2.4.1.2 Sex 

Female sex has been associated with dissatisfaction67,68. However, this finding has not been consistently 

observed.  

 

2.4.1.3 Living Status 

Living status has been found to be a significant predictor of satisfaction, with patients who live alone 

being more likely to be dissatisfied with their knee replacement5. 

 

2.4.1.4 Body Mass Index 

Both lower56 and higher27,69,70 BMI has been associated with dissatisfaction. However, BMI has generally 

not been linked to TKA satisfaction in the literature and it rarely appears in multivariable models that 

use dissatisfaction as the dependent variable. At present it is unclear what effect BMI has on 

satisfaction. 

 

2.4.1.5 Medical Comorbidities  

Back pain71,72 and pain in other joints were significant predictors of dissatisfaction along with the total 

number of comorbidities that a patient experienced41.  

 

2.4.1.6 Arthritis Severity and Duration 

Severe pre-operative arthritis has been associated with higher satisfaction scores following surgery46,68. 

Robertsson73 found that patients with longer disease duration were more likely to be satisfied with their 

surgery. Additionally, severe medial cartilage damage has been associated with satisfaction51. At the 

other end of the spectrum, mid and low grade OA prior to surgery has been associated with 

dissatisfaction46,74.  

 

2.4.1.7 Radiographic Indicators 

Several radiographic indicators of satisfaction have been observed. Specifically, increased size of the 

patella and the presence and increased size of lateral osteophytes were positively associated with 

patient satisfaction75. High radiographic joint narrowing was associated with satisfaction69 and patients 

with complete pre-surgery joint space collapse were found to be more satisfied at 1-year post-surgery76. 

Lastly, patients with an intact anterior cruciate ligament were more likely to be dissatisfied77. 
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2.4.1.8 Socioeconomic Status 

The effect of socioeconomic status (SES) on TKA satisfaction is difficult to determine. Many patients 

undergoing TKA are older adults who may be retired. SES is difficult to assess in the retired population as 

income will not accurately reflect the patient’s financial situation78. SES has been found to have no 

effects on satisfaction or surgical outcomes in studies performed in the Netherlands47 and Australia79 

and low SES has been found to significantly predict dissatisfaction in a study performed in the United 

States80. As health care systems and social safety nets differ across countries it is difficult to compare or 

apply the results of studies performed on different populations. 

 

2.4.1.9 Workers’ Compensation and Return to Work 

Patients who are receiving workers’ compensation have been found to be less likely to be satisfied and 

more likely to have poorer outcomes post-surgery14. However, the study did not explicitly evaluate 

patient satisfaction, but included an unvalidated questionnaire that claimed to measure satisfaction14. 

Additionally, patients who are able to return to work have been found to have greater met expectations 

scores than those who cannot81. A number of factors have been observed to affect return to work 

including pre-surgery length of sick leave, age, type of work (physical or sedentary), strain placed on the 

knee by work, and if a patient is self-employed13,81,82. Psychosocial factors including motivation to return 

to work, job satisfaction, recognition received at work, and development opportunities have also been 

observed to impact return to work82,83. Although not established explicitly in the TKA literature, job 

satisfaction in orthopaedic trauma patients has also been linked to patient satisfaction84. 

 

2.4.2 Psychological Factors 

2.4.2.1 TKA Patient Expectations 

Patient expectations in the TKA literature are discussed in relation to met expectations and pre-surgery 

expectations. Expectations are often established pre-surgery and patients are asked to rate how much 

pain and functional ability they expect to have post-surgery. Post-surgery patients are then asked if their 

expectations have been met. 
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2.4.2.1.1 Pre-Surgery Expectations 

Pre-surgery expectations are theorized to affect satisfaction directly by increasing patient optimism and 

belief in recovery outcomes29,85. It has been found across a wide variety of clinical conditions that 

patients who believe they are going to do better will have a better recovery86. The effect of TKA pre-

surgery expectations on satisfaction has been examined in a number of studies39,42,49,50,87–90, however, a 

significant relationship between pre-surgery expectations and satisfaction is rarely found39,88. Kiran39 

found that higher pre-surgery expectations required that a patient also have higher pain relief to be 

satisfied. Becker88 found that higher pre-surgery expectations were associated with improved pain and 

function scores, met expectations, and satisfaction. Higher pre-surgery expectations have also been 

found to be independently associated with greater pain relief91. However, expectation confirmation 

theory would suggest that unrealistically high pre-surgery expectations are likely to lead to 

dissatisfaction as these high expectations are unlikely to be met42. 

 

2.4.2.1.2 Met Expectations 

Met expectations as a predictor of satisfaction is a consistent finding in the literature5,29–31,41,49,87,88,92. 

Met expectations in the TKA literature are frequently discussed in relation to satisfaction through the 

expectation confirmation theory framework93.  

 

2.4.2.2 Personality 

Personality has been found to be a significant predictor of satisfaction and patient outcomes following 

surgery. Extraversion94 and greater life satisfaction95 have been associated with improved patient 

outcomes and satisfaction. Whereas, neuroticism, anxious and introverted personalities94, somatic 

stress, and emotional instability95 have been associated with dissatisfaction. Ramaesh96 found no direct 

effect of personality on satisfaction, although it was concluded that personality may interact with 

disease processes to impact satisfaction. The precise effect that personality has on satisfaction is 

presently unclear. 

 

2.4.2.3 Mental Health 

Pre and post-surgery depression, anxiety, and depressive symptoms have been found to have a 

significant negative effect on satisfaction27,41,87,97–101. Although consistently found in univariate analyses, 

this does not always translate to multivariable models102. In addition to anxiety and depression, pain 
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catastrophizing103, somatization disorder104, and lower internal locus of control102 have been observed to 

have a negative effect on satisfaction. Pain catastrophizing refers to a patient’s rumination, 

magnification, and feelings of helplessness in response to pain105. Somatization is physical discomfort 

that is experienced despite having no apparent physical cause104. Locus of control refers to patient’s 

beliefs about their role and ability to affect their own recovery process106.  

 

2.4.2.4 Patient Perception 

Patient perception has also been found to have an effect on satisfaction107. It was found that patients 

who perceived their knee as being misaligned despite good radiographic alignment had poorer 

perception of range of motion and greater dissatisfaction than their counterparts.  

 

2.4.3 Surgical Factors 

2.4.3.1 Type of Implant 

There have been conflicting findings with regards to the effect of implant type on satisfaction. A number 

of studies have observed minimal or no effect on PROMs and satisfaction5,43,56,108–111, whereas others 

have reported significant differences between different types of implants112–115. Mobile bearing implants 

in different studies have been found to improve114,115 and have no effect on satisfaction5,116. Similarly, 

studies have found that patients with single radius designs have greater117 and no different111 

satisfaction than patients with multi radius implants. However, medial pivot implants have been found 

to provide greater satisfaction than non medial pivot designs118. High flexion versus standard implants 

have not been observed to have an effect on satisfaction114,119,120. No differences in satisfaction between 

fixation method were observed with cemented, uncemented, and hybrid fixation40,121. When evaluating 

more modern implants Chua109 found that current implants were the equivalent of their earlier 

counterparts in satisfaction levels.  Reiman122 found that patient-specific implants and cutting guides 

have been associated with improved satisfaction. However, the population that received the patient-

specific implants were significantly younger. 

 

2.4.3.2 Surgical Technique or Procedure  

Surgical technique for the most part has not been observed to impact satisfaction. Minimally invasive 

surgery has been reported to improve recovery speed, however, there have been no studies that have 

indicated that this has an effect on long term patient satisfaction123. Custom cutting guidelines124, lateral 
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release43, the number of structures released48, if a tourniquet is used48,125, if unilateral or bilateral 

surgery is performed56, and the surgeon performing the procedure56 have also been found to have no or 

minimal impact on satisfaction. Patellar resurfacing has been found to have both no effect43,73,126–129 and 

a significant effect on patient satisfaction130,131, although this effect is typically small. Collateral ligament 

laxity in bilateral knees on the patients’ favored side has been found to have an effect on patient 

satisfaction, with increased laxity being associated with greater satisfaction132. Internal rotation of the 

femoral component has been associated with slightly decreased satisfaction scores133.  Restricted 

kinematic alignment134 and inverse kinematic alignment135, processes that aim to match a patients 

native joint alignment more closely, have been found to provide greater satisfaction than mechanical 

and adjusted mechanical alignment. Robotic assisted surgery has also been associated with greater 

expectation fulfillment and satisfaction136. 

 

2.4.3.3 Complications 

Post-surgery complications that required a readmission and overnight stay in the hospital because of the 

replaced joint, for example, an infection or a blood clot, have been found to be associated with 

dissatisfaction5,69. 

 

2.4.4 Patient Reported and Physical Post-Operative Outcomes 

2.4.4.1 Pain 

Pain relief is one of the most consistent and influential predictors of satisfaction in the literature5,10,38–

41,44,45,50,56,87,90,137–140. Pain relief or post-surgery residual pain has been consistently found to predict 

satisfaction. The knee society score considers pain while lying and sitting to be extremely important in 

overall patient satisfaction92. Bourne5 found that patients with severe pre-surgery pain while lying or 

sitting were more likely to be dissatisfied. In contrast Maratt141 found that patients with severe pre-

surgery pain, but higher health-related quality of life were more likely to be satisfied. Contralateral knee 

pain has also been associated with dissatisfaction142. 

 

2.4.4.2 Function 

Patient reported functional performance is also a consistent and influential predictor of patient 

satisfaction10,38–41,44,45,49,50,54,56,90,137–139,143,144. Typically, function measurements are split into two different 

subcategories, daily living and recreational or leisurely function. Multi item satisfaction questionnaires 
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typically address both daily living and recreational activity137,145. Daily living function typically includes 

activities like, walking, going up stairs, getting in and out of bed, and performing light household duties. 

Recreational or leisure activity is typically considered to be a more advanced activity like running, 

squatting, swimming, dancing, or other sporting related activities90,137. PROMs of ability to perform daily 

living activities are typically referenced as being important to satisfaction10,38–41,44,45,49,50,54,56,90,137–139,146. 

Leisure activities, physical activity and the desire of the patient to perform sporting activities have also 

been found to be important147,148, especially for younger patients149 who have been found to have high 

expectations about their ability to perform leisure activities post-surgery90.  

 

In conjunction with PROMs, physical measures including, quadriceps strength, range of motion, and 

walking distance have been associated with patient satisfaction. Change in range of motion from pre-

surgery was found to be significantly associated with satisfaction114. Loss of range of motion56, improved 

flexion139, pre and post-surgery varus alignment5,150, pre-surgery valgus alignment5, and pre and post-

surgery flexion contracture151 have been found to be predictors of patient dissatisfaction. However, 

overall degree of flexion has not been found to be significantly correlated with satisfaction152–154. 

Quadricep strength, ability to walk longer distances, and climb more stairs were positively associated 

with improved levels of satisfaction138,139. These measures were also found to coincide with higher 

PROM scores.  

 

2.4.4.3 Health-Related Quality of Life 

The 12 and 36 item Short Form Health Survey (SF-12 and SF-36) mental component score and physical 

component score, as well as the EuroQol 5D (EQ-5D) have been found to be positively associated with 

TKA patient satisfaction. In general, better health-related quality of life scores are associated with 

greater levels of satisfaction post-surgery10,155–157. 

2.4.5 Other Factors 

There are additional factors that have been found to affect patient satisfaction. The amount of time a 

patient has to wait to undergo their knee arthroplasty has a negative impact on their satisfaction15. Pre-

surgery narcotic use has also been found to be associated with greater dissatisfaction and pain post-

surgery44. Retrospective perception of hospital stay at 6-months post-surgery was found to be 

associated with satisfaction158. Ability of the patient to choose the hospital at which they will undergo 

surgery has been associated with greater satisfaction159. The number of allergies a patient has and drug 
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allergies have been associated with greater dissatisfaction57. Patients who have a second TKA are more 

likely to be more satisfied with their second operation160,161. Lastly, smoking status has been found to be 

associated with dissatisfaction16. 

 

2.5 Satisfaction Interventions 

2.5.1 Met Expectations Interventions 

As met expectations have been found to be significant predictors of satisfaction, interventions modifying 

patient expectations have been considered as a potential avenue to improve TKA satisfaction. Patients 

typically have higher expectations for the outcomes of their surgeries than surgeons do162. This is 

especially true of younger patients as they tend to expect to be able to perform higher intensity daily 

and leisure activities149.  

 

Several interventions have been attempted in order to influence patient expectations to improve 

satisfaction (table 2.1)163–165. These interventions have aimed to exploit expectation confirmation theory 

by generating realistic expectations for patients to improve met expectations levels and by association 

improve patient satisfaction. These interventions have been implemented in different ways and had 

mixed results. 

 

Table 2.1. Studies that have implemented interventions to improve patient satisfaction. 

Study Intervention type Outcome (1-year post-surgery) 

Culliton 2018 Pre and post-surgery e-learning tool No effect 

Gautreau 2019 
Post-surgery surgery surgeon 
checklist 

Improved satisfaction 

Tolk 2021 
Pre-surgery patient education 
package 

Improved satisfaction 

 

2.5.1.1 Culliton 2018 

Culliton164 used an e-learning tool to provide an educational package meant to improve patient 

satisfaction. It was found that this intervention was not effective and did not improve patient 

satisfaction at 1-year post-surgery. Although, it was observed that patients did not continue to use the 

e-learning tool over time. 
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2.5.1.2 Gautreau 2019 

Gautreau166 found that a post-surgery surgeon-administered checklist to generate realistic expectations 

for patients was able to improve satisfaction at 6-months post-surgery. However, surgeons were 

observed to spend more time with patients who received the checklist than those not included in the 

intervention. Time spent with patients has been found to be associated with patient satisfaction. 

Additionally, this study did not include an overall satisfaction measure and a number of the satisfaction 

domains measured focused on satisfaction with the experience and the surgeon, not the outcome of 

surgery. Patients were found to be more satisfied with higher met expectations, although no significant 

differences between satisfaction with pain and function outcomes were observed between patients who 

did and did not receive the checklist intervention. 

 

2.5.1.3 Tolk 2021 

Tolk165 found that a pre-surgery education intervention that aimed to generate realistic expectations 

was able to improve satisfaction at 1-year post-surgery. The study found that the education program 

significantly lowered patient expectations and patients had significantly higher met expectations scores 

and by association greater patient satisfaction. 

 

2.5.1.4 Summary 

It appears that interventions to improve satisfaction can be effective, however, mode of delivery and 

the timing of the intervention appear to be important. 

 

2.5.1.5 Problems With the Met Expectations Construct 

It is assumed that met expectations are actually measuring how closely a patient’s expectations match 

up with their actual condition. This interpretation of a single met expectation question has been 

criticized as it has been argued that this is simply a different type of performance question, that may not 

actually be measuring how closely expectations match up with actual outcomes, but instead simply 

provide a different scale to measure functional outcomes167. Additional work needs to be done to better 

understand the met expectations variable and what precisely it is measuring and how it is explicitly 

related to satisfaction. 
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2.6 Predicting Dissatisfaction 

2.6.1 Pre-surgery Prediction and Early Post-Surgery Identification of Dissatisfied Patients 

There have been a number of attempts to predict post-surgery satisfaction using pre-surgery and 

surgical variables. More recently the identification of dissatisfied patients early in the recovery process 

has also been investigated. All studies found by the author that predict dissatisfaction pre-surgery or 

early in the recovery process have been included in table 2.2. 

 

Studies that aim to predict if a patient will be dissatisfied pre-surgery or early in the recovery process 

have only recently been attempted. To the best of the author’s knowledge the earliest study explicitly 

aimed to identify post-surgery dissatisfied patients pre-surgery was completed in 2016168, with the 

majority of these studies having been completed between 2018 and 202116,57,58,169–171. The data that 

have been used to develop these models have come from a number of different countries and to the 

best of the author’s knowledge there have been no studies that have examined a Canadian population. 

The majority of these papers have attempted to identify dissatisfied patients using pre-surgery variables, 

however, Goh169 did use early post-surgery variables to predict dissatisfaction. The satisfaction end-

points used in these studies ranged from 3-months to 3-years post-surgery, with the most commonly 

used endpoints being 1 and 2-years post-surgery. 

 

Dissatisfaction has most commonly been predicted by dichotomizing the satisfaction variable into 

dissatisfied/unsure/neutral and satisfied patients. Two methodological approaches have been employed 

to predict dissatisfaction using pre-surgery and surgical variables. The first uses traditional statistical 

methods, primarily linear and logistic regression. The second method employs machine learning 

algorithms. Machine learning methods are a set of algorithms that can learn and adapt without specific 

instructions being provided to them61. The use of machine learning methods in orthopaedic medicine is 

a fairly recent development with both studies that have employed machine learning to predict 

dissatisfaction being published in 202057,58. The prediction models that have been created have made 

use of a wide variety of metrics to assess the performance of their models, with the most common 

metrics used being area under the curve (AUC), calibration metrics, sensitivity, and specificity.  

 

The final conclusion of the authors on the ability of their models to predict dissatisfaction is mixed, with 

several authors concluding that satisfaction can be predicted and others finding that it cannot be 
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predicted or presenting contradictory findings. The two studies that have used machine learning 

methods have both concluded that dissatisfaction can be predicted post-surgery using pre-surgery 

variables. However, it is unclear precisely how clinically useful any of these models would be. 
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Table 2.2. Studies that have attempted to predict dissatisfaction pre-surgery or early in the recovery process. 

Logistic Regression (LR) 

Study Data Source (Sample 
Size/Dissatisfaction Rate) 

Time-Point of 
Prediction 

Post-Surgery End-
Point 

Prediction 
Method  

Significant 
Independent 
Variables 

Metrics Reported Authors’ 
Conclusion 

Van Onsem 2016 Netherlands (113/0.12) Pre-surgery 3-months  Linear regression, 
binomial LR 

10 R2, sensitivity, 
specificity, PPV, 
NPV 

Can predict 
dissatisfaction 

Garriga 2018 United Kingdom 
(450/0.142) and 
Switzerland (791/0.199) 

Pre-surgery 1-year  Binomial LR 6 AUC, calibration 
plot 

Contradictory 
findings 

Zabawa 2019* USA (203/0.35) Pre-surgery  3-years Linear regression, 
binomial LR 

10 R2 Cannot predict 
dissatisfaction 

Calkins 2019* USA (145/0.083) Pre-surgery 3-months Linear regression, 
binomial LR 

10 Sensitivity, 
specificity, NPV 

Cannot predict 
dissatisfaction 

Kunze 2019 USA (484/not reported) Pre-surgery 1-year Binomial LR 1 AUC, sensitivity, 
specificity, NPV 

Can predict 
dissatisfaction 

Goh 2021 Singapore (4359/0.089) 6-months 
post-surgery 

2-years  Binomial LR  1 AUC Can predict 
dissatisfaction 

Machine Learning 

Study  Time-Point of 
Prediction 

Post-Surgery End-
Point 

Prediction 
Method 

 Metrics Conclusion 

Kunze 2020 USA (430/0.09) Pre-surgery 2-years  LR, stochastic 
gradient 
boosting, random 
forest, support 
vector machine, 
neural network, 
elastic-net LR  

5 AUC, Brier score, 
calibration plot, 
calibration 
intercept, and 
calibration slope 

Can predict 
dissatisfaction 

Farooq 2020 USA (897/0.147) Pre-surgery 1-year  LR, gradient 
boosting machine 

9 AUC, sensitivity, 
and specificity  

Can predict 
dissatisfaction 

*Validation study of Van Onsem 2016; LR, logistic regression; USA, United States of America; PPV, Positive predictive value; NPV, negative predictive value; AUC, area under the curve 



22 
 
 

2.6.1.1 Linear and Logistic Regression 

Linear regression is a type of prediction model that uses a continuous dependent variable. Logistic 

regression is a set of prediction models that use a categorical variable as the dependent variable. 

Typically, this is a dichotomous or binomial variable, however ordinal, and multinomial variables can 

also be used. Van Onsem168, Zabawa170, and Calkins171 used a combination of linear and logistic 

regression models to predict dissatisfaction. Garriga16 and Kunze17 used logistic regression to predict or 

help develop a checklist to predict patient dissatisfaction. 

 

2.6.1.1.1 Van Onsem 2016 

Van Onsem168 used linear and logistic regression to predict 3-month post-surgery dissatisfaction using 

pre-surgery variables only. This study included a sample size of 113 patients with a dissatisfaction rate of 

0.12 (n=14). In this study individual items from PROMs questionnaires were used as predictors of 

dissatisfaction. A total of 10 items were included, these questions evaluated gender, age, pain, stiffness 

in the morning, grinding and clicking, being aware of the knee, anxiety/depression, and two questions 

evaluating pain catastrophizing. The questions included in the prediction model were selected using 

linear regression with a continuous satisfaction variable used as the dependent variable. This continuous 

satisfaction variable was then dichotomized, and logistic regression was used to predict if a patient was 

satisfied or not. However, it was not clearly explained how logistic regression was used to generate a 

prediction for this model. Van Onsem168 did not report AUC or accuracy for the study, but did report a 

sensitivity of 0.97 (correctly predicted as satisfied), specificity of 0.50 (correctly predicted as 

dissatisfied), a positive predictive value (PPV) of 0.93, and a negative predictive value (NPV) of 0.66. 

Using the satisfaction rate (0.88), along with sensitivity and specificity scores, an overall prediction 

accuracy of 0.91 can be calculated. This indicates that this model had an accuracy that was marginally 

(0.03) higher than using no prediction model at all. Problematically, this study included no method to 

control or adjust for model optimism. This suggests that any reported performance metrics are likely to 

be inflated. Additionally, this study only included 14 dissatisfied patients and It is unlikely that this would 

be sufficient to create a reliable prediction model172. 

 

2.6.1.1.2 Garriga 2018 

Garriga16 used logistic regression to predict 1-year post-surgery satisfaction using pre-surgery variables 

only. This study included a sample size of 450 patients from the United Kingdom and a dissatisfaction 
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rate of 0.142 (n=64) in their training population and a sample size of 791 patients from Switzerland and 

a dissatisfaction rate of 0.199 (n=158) in their validation population. Variables included in the model 

were age, sex, prior treatment for anxiety, current smoker, injection of corticosteroids, and standardised 

oxford knee score (OKS)/Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC). 

Garriga16 reported an optimism adjusted AUC of 0.65 and a calibration plot was provided.  This model 

was not found to transport well to a new population with an AUC of 0.55 being found using the 

validation population. An AUC score of >0.7 is typically considered as an acceptable score and an AUC of 

0.5 is a model that is not predictive or does not perform better than chance. This indicates this model 

does not perform particularly well when discriminating between satisfied and dissatisfied patients. The 

authors attributed part of this drop off to the differences between the countries in the training and 

validation population. Despite the poor discrimination performance, this model appeared to have good 

calibration when completing a visual inspection of the calibration plot. However, additional calibration 

metrics such as a Brier score, Cox/calibration intercept, and Cox/calibration slope would help make this 

evaluation more rigorous. 

 

2.6.1.1.3 Zabawa 2019 and Calkins 2019 

Zabawa170 and Calkins171 used the Van Onsem168 model to attempt to predict dissatisfaction at 3-years 

and 3-months post-surgery respectively using pre-surgery variables. Zabawa170 created linear and 

logistic regression models, and performance was assessed and compared to the original Van Onsem168 

paper. This paper did not report any metrics for the logistic regression model. However, it was stated 

that the accuracy of the model was poor and that it did not support the claims made by Van Onsem168 

that the model could predict dissatisfaction. However, the Zabawa170 study used an end-point of 3-years 

post-surgery and Van Onsem168 used an end-point of 3-months. It is possible that this contributed to the 

poor performance of the model in the Zabawa170 paper. Calkins171 used the 3-month post-surgery time 

point and reported a model sensitivity of 0.939 (correctly predicted as satisfied) and a specificity of 0 

(correctly predicted as dissatisfied). This indicates that the model was not able to identify any of the 

dissatisfied patients included in the sample. 

 

2.6.1.1.4 Kunze 2019 

Kunze17 used a combination of 11 items to create a single checklist score ranging from -55 to 110 (worst 

to best) to predict post-surgery dissatisfaction. This score included BMI, drug allergies, osteophytes, 
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patella thickness to soft tissue shadow skin thickness, flexion contracture, diabetes, opioid use, 

comorbidities, previous knee surgery, diagnosis for surgery, and smoking status/smoking history. The 

patient’s checklist score, age, BMI, and gender were included in a linear and logistic regression model. 

Both linear and logistic regression models found that the checklist score was a significant predictor of 

dissatisfaction. No metrics were reported for either model. Using the checklist score a receiver operating 

characteristic (ROC) curve was created to evaluate the ability of the checklist to distinguish between 

satisfied and dissatisfied patients and an AUC 0.72 was reported. The authors claimed that a score of 

96.5 on the checklist, provided a sensitivity of 0.975 (correctly predicted as dissatisfied), a specificity of 

0.93 (correctly predicted as satisfied), and a NPV of 0.957. However, when examining the ROC curve 

included in the study, it is unclear how these sensitivity and specificity values were calculated or 

achieved. The ROC curve indicates a sensitivity of approximately 0.9 would correspond with a specificity 

of approximately 0.2. This is vastly different than the performance that the authors have reported. 

Additionally, it is unclear how satisfaction was measured or how a patient was determined to be 

satisfied or dissatisfied. Lastly there was no indication of how many dissatisfied patients were included 

in the study.  

 

2.6.1.1.5 Summary 

It appears that dissatisfaction cannot be consistently predicted pre-surgery using linear regression, 

logistic regression, or a checklist. Although Van Onsem168, Garriga16, and Kunze17 claimed that their 

models were successful, the Van Onsem168 and Garriga16 models did not perform well when tested on 

new data. Additionally, both the Van Onsem168 and Garriga16 models appear to suffer from low accuracy 

and may not or only marginally outperform the no information rate. Because satisfaction rate was not 

reported, and it is unclear how the claimed specificity and sensitivity was achieved it is not possible to 

make this determination using the Kunze17 model. When establishing a decision threshold, it is 

important to consider the priorities of the decision maker. Overall accuracy may be less important than 

high sensitivity or specificity. Although, it is still likely desirable that the model outperform the no 

information rate and achieve better accuracy than simply predicting that all patients are satisfied. 

 

2.6.1.2 Machine Learning 

Machine learning is a branch of artificial intelligence that employs algorithms that can learn from data. 

This allows the model building process to be partially automated. Machine learning methods are also 
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typically more flexible than traditional statistical methods, however, they are often more difficult to 

interpret. Recently there has been a proliferation of the use of machine learning techniques in 

orthopaedic medicine. This has included attempts by Kunze57 and Farooq58 to use machine learning 

methods to predict dissatisfaction. These methods have been found to outperform standard logistic 

regression and have been reported to have good discriminatory capacity.  

 

2.6.1.2.1 Kunze 2020 

Kunze57 compared the performance of a logistic regression model with a number of different machine 

learning methods. This study included 430 patients of which 0.09 (n=40) were dissatisfied. Patients were 

split into a training and test set of 0.70 and 0.30 respectively. The machine learning and statistical 

methods that were used were logistic regression, stochastic gradient boosting, random forest, support 

vector machine, neural network, and elastic-net logistic regression. All outcomes were reported based 

on test set performance. The random forest was found to be the optimal model with an AUC of 0.77, 

Brier score of 0.082, a calibration intercept of 0.093, and a calibration slope of 0.74. Using a relative 

influence plot, important predictors in the model were found to be age, surgeon completed Knee 

Society Knee Scoring System (KSS), pre-operative patient health state, and comorbidities. Kunze57 did 

not provide a cut point or any information about sensitivity and specificity of their model. Based on a 

visual inspection of the ROC curve for the best performing model, it appears that despite high AUC 

values, their model may not outperform the no information rate or only do so marginally. However, the 

authors did complete a decision curve analysis which indicated that the model could be beneficial in 

helping to determine which patients should undergo surgery and which should not.  

 

Problematically, this study only included 40 dissatisfied patients. If the training and test sets were 

created using a stratified split on the satisfaction variable, this would mean that models were trained 

using 28 and tested on 12 dissatisfied patients. This study may not have the necessary sample size or 

number of dissatisfied patients to make strong conclusions about the ability of a model to predict 

dissatisfaction. 

 

2.6.1.2.2 Farooq 2020 

Farooq58 also compared the performance of logistic regression with a number of different models 

created using gradient boosted trees. This study included 897 patients with a dissatisfaction rate of 
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0.147 (n=132). The optimal model was found to be a gradient boosted tree which had an AUC of 0.81. 

The most important predictors of dissatisfaction in this study were grouped into high, middle, and low 

tiers of influence. The highest tier included the generation that the patient belonged to (baby boomer or 

generation x) and if the TKA was cruciate retaining, condylar stabilizing, or posterior stabilized. The 

middle tier included inflammatory conditions, scheduled narcotic use, the surgeon who completed the 

surgery, and depression. The bottom tier included, lumbar spine pain, sex, and PCL released or 

preserved. No calibration information was included for this model, however, a sensitivity and specificity 

of 0.73 (correctly predicted as dissatisfied) and 0.746 (correctly predicted as satisfied) respectively was 

reported. Using the dissatisfaction rate, sensitivity, and specificity scores included in this study, an 

overall accuracy of 0.743 was calculated. This means that if this model was used to predict patient 

dissatisfaction, it would perform 0.11 worse than the no information rate or simply predicting that all 

patients will be satisfied with their surgery. It may also be possible to improve the accuracy of the model 

by adjusting the cut point that distinguishes between satisfied and dissatisfied patients. Although, that is 

unclear based on the information provided by the study.  

 

2.6.1.3 Summary 

Machine learning models appear to show promise in predicting 1 and 2-year post-surgery dissatisfaction 

using pre-surgery and surgical variables. Both Kunze57 and Farooq58 have reported that their models 

successfully predict dissatisfaction. However, it appears that the models generated suffer from a similar 

problem as the logistic regression models. These models appear not to, or only marginally, outperform 

the no information rate. It remains unclear if these models can perform well enough to be useful in a 

clinical setting. 

 

2.6.2 Post-surgery Early Identification of Dissatisfied Patients 

Worse outcomes early in the recovery process have been associated with poorer outcomes at 1-year 

post-surgery. Williams173 found that the OKS and flexion at 3-months were associated with 1-year post-

surgery satisfaction. Bryan174 found that mental and physical health at 6-months were associated with 

dissatisfaction at 1-year post-surgery. Young-Shand175 indicated that differences in pain, health-related 

quality of life, and function between satisfied and dissatisfied patients may be observable as early as 6-

weeks post-surgery. These studies did not evaluate the discriminatory or predictive ability of any of the 

identified variables.  
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Goh169 evaluated the ability of the 6-month post-surgery OKS, surgeon completed KSS, and 36-Item 

Short Form Health Survey questionnaires to discriminate between satisfied and dissatisfied patients at 

2-years post-surgery. The OKS and KSS knee score were found to discriminate best with AUCs of 0.76 

and 0.704 respectively. This study did not create a multivariable model and only evaluated the 

discriminatory capacity of questionnaires. While this study appears to show that these variables can 

successfully discriminate between satisfied and dissatisfied patients it is unclear how useful they would 

be in a clinical setting. 

 

2.6.2.1 Summary 

Despite the apparent success of the variables included in the Goh169 study, more work needs to be done 

to evaluate how well patient dissatisfaction can be predicted early in the recovery process. It appears 

that differences between satisfied and dissatisfied patients can be identified as early as 3-months post-

surgery. It is yet to be determined if this can be an effective approach to identifying dissatisfied patients.  

 

2.7 Statement of the Problem 

2.7.1 Pre-Surgery Prediction of Satisfaction 

Based on the current literature, it is unclear if post-surgery dissatisfaction can be effectively predicted 

using pre-surgery and surgical variables. When predicting dissatisfaction, machine learning models 

appear to outperform standard logistic regression. However, it is difficult to determine how effective 

and clinically useful these models are. There are a number of avenues that could potentially improve the 

performance of pre-surgery prediction models that remain unexplored. Specifically, PROMs variables 

have not been used in conjunction with machine learning methods. Additionally, none of the current 

research has been performed in Canada. Using Canadian data to determine what works and what does 

not in predicting 1-year post-surgery dissatisfaction using pre-surgery and surgical variables could allow 

for a reduction in the number of dissatisfied patients. 

 

2.7.2 Early Post-Surgery Identification of Dissatisfied Patients 

A single study has evaluated the ability of prediction models to identify patients likely to be dissatisfied 

early in the recovery process. However, this study did not use multivariable models, included a limited 

number of PROMs, was not completed in Canada, and used 6-month post-surgery data to predict 2-year 
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post-surgery dissatisfaction. The literature suggests that factors affecting dissatisfaction at 1-year post-

surgery can potentially be identified at 6-weeks or 3-months post-surgery. Additionally, this paper did 

not consider how easily their model could be transported to a clinical setting. If patients likely to be 

dissatisfied can be identified early in the recovery process, it may be possible to implement 

interventions that improve satisfaction.  

2.7.3 The Met Expectations Variable and Satisfaction Interventions 

Met expectations have been criticized as simply being another performance variable (see section 

2.4.1.5). As met expectations are central to the interventions being performed to improve patient 

satisfaction, it is important to understand what the met expectations variable is measuring. Met 

expectations have not been well defined in the TKA literature and very little work has been done to 

determine if the met expectations variable is measuring what it claims to measure. There have been a 

limited number of attempts to improve satisfaction through interventions that aim to generate realistic 

expectations for patients and improve their met expectations scores. Despite the mixed results of the 

interventions this appears to be a potentially fruitful avenue to improve satisfaction. Generating a better 

understanding of the relationship between met expectations and satisfaction could aid in the 

development of successful interventions. 
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3 Objectives 

The objectives of this dissertation corresponded to the four studies that have been completed: 

 

Study 1: The objective of this study was to evaluate the ability of a standard logistic regression model 

and models created using machine learning methods to predict total knee arthroplasty (TKA) 

dissatisfaction 1-year post-surgery using pre-surgery and surgical variables. 

 

Study 2: This study had two objectives. The first was to evaluate if 1-year post-surgery TKA 

dissatisfaction could be predicted using pre-surgery variables alone using logistic regression and 

classification trees. The second was to determine if 1-year TKA dissatisfaction could be predicted with 

pre-surgery and 3-month post-surgery variables using logistic regression and classification trees. 

 

Study 3: The objective of this study was to create a prediction model that is simple to implement to 

predict 1-year post-surgery dissatisfaction using 3-month post-surgery individual patient reported 

outcome measure questionnaire items.  

 

Study 4: The objective of this study was to investigate the met expectations variable and to determine if 

met expectations significantly moderate the effect of pain and function variables on satisfaction. 
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4 Logistic Regression and Machine Learning Models Cannot 

Discriminate Between Satisfied and Dissatisfied Total Knee 

Arthroplasty Patients 

A version of this paper has been published: Munn JS, Lanting BA, MacDonald SJ, Somerville LE, Marsh JD, 

Bryant DM, Chesworth BM. Logistic Regression and Machine Learning Models Cannot Discriminate 

Between Satisfied and Dissatisfied Total Knee Arthroplasty Patients. The Journal of Arthroplasty. 

 

4.1 Introduction 

Approximately 20% of patients are dissatisfied or unsure of their satisfaction with their total knee 

arthroplasty (TKA)1,2. This is a very popular surgery with approximately 60,000 TKAs performed in 2019-

2020 in Canada3. This means that in 2019-2020 alone there were approximately 12,000 TKA patients 

dissatisfied or unsure. This is a substantial problem. If dissatisfied and unsure patients can reliably be 

identified pre-surgery, specific interventions or the optimization of non-operative modalities could 

result in a reduction in dissatisfied or unsure patients. 

 

There have been a number of previous attempts at predicting 1-year and 2-year TKA dissatisfaction 

using pre-surgery and surgical variables4–8. Several studies have used logistic regression7 and ordinal 

logistic regression9. These attempts have either not been successful or failed to generalize to other 

samples7,9. 

 

Recently machine learning prediction models have been used to determine if they can outperform 

logistic regression, with Kunze4 and Farooq5 both finding that machine learning methods were superior 

to logistic regression. Although there has been a recent proliferation in the use of machine learning 

methods to predict outcomes in arthroplasty and orthopaedic medicine in general10,11, these studies 

represent the first attempts at employing machine learning models to predict TKA dissatisfaction. 

Despite the reported success of these studies, they have not exhaustively explored all potential 

predictor variables of TKA dissatisfaction. Specifically, neither of these studies included patient reported 

outcome measures (PROMs). 
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When evaluating prediction models, it is also important to consider their intended use. If the models are 

meant to be used as standalone discriminatory tools, then it must be established what kind of 

performance is necessary for the model to be considered clinically useful. However, if models are 

intended to be used to provide supplemental information and to help inform surgeon and patient 

decision making, then it may be more important to evaluate a model’s ability to generate an accurate 

probability that a patient will be dissatisfied than its discriminatory capacity. 

 

The purpose of this study was to evaluate the ability of a standard logistic regression model and models 

created using machine learning methods to predict TKA dissatisfaction 1-year post-surgery using pre-

surgery and surgical variables that can be considered as typically collected as part of a pre-surgery 

assessment. This study will also aim to evaluate if the variables included in this analysis contain the 

necessary information to predict dissatisfaction or if additional variables or analysis techniques may be 

required. Both types of models were evaluated by their ability to discriminate between satisfied and 

dissatisfied or unsure patients and their ability to generate accurate probabilities that patients will be 

dissatisfied or unsure. Because of the findings of Kunze4 and Farooq5, it was expected that the machine 

learning models would outperform standard logistic regression. 

 

4.2 Methods 

4.2.1 Participants 

This was a prognostic observational cohort study that retrospectively analyzed prospectively collected 

data. An institutional database was used to identify a potential sample of patients who underwent 

primary TKA at a single large teaching institution (University Hospital London, Ontario, Canada) between 

August 2012 and December 2016. Demographic and patient reported outcome measures were retrieved 

using an institutional database. These variables were prospectively collected in a clinical setting as part 

of a standard pre-surgery and 1-year post-surgery assessment for TKA. A retrospective chart review was 

completed to collect additional surgical variables. 

 

In order to be included in the analysis, patients were required to have been diagnosed with 

osteoarthritis, have no missing demographic information, and have completed both a pre-surgery and 1-

year post-surgery Knee Society Knee Scoring System (KSS) questionnaire. This study received ethics 

approval from the institutional ethics review board. 
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4.2.2 Outcome Measures 

The primary outcome measure was a dichotomized version of the KSS satisfaction subscale at 1-year 

post-surgery. This subscale includes five questions that evaluate a patient’s satisfaction with their pain 

while sitting, pain while lying down, ability to get out of bed, ability to perform light household duties, 

and ability to perform recreational activities. Possible response options for each question (score) are 

very satisfied (8), satisfied (6), neutral (4), dissatisfied (2), and very dissatisfied (0). These five questions 

are summed together to create a score from 0-40 (worst to best). Satisfaction scores were dichotomized 

into satisfied and dissatisfied groups. Patients with a satisfaction score ≤24 were classified as dissatisfied 

or neutral and patients with a satisfaction score >24 were considered as satisfied. A cut point of 24 was 

chosen as this would mean that a patient must have responded to a minimum of one of the satisfaction 

questions as dissatisfied or three questions as neutral. 

 

4.2.3 Predictor Variables 

Candidate predictor variables included: age, gender, body mass index (BMI), American Society of 

Anesthesiologists (ASA) class , alcohol consumption, smoking status, living status, previous knee 

surgeries, pre-surgery knee alignment, patella re-surfaced, posterior collateral ligament sacrificed, as 

well as, subscales from the following questionnaires: the KSS; pre-operative and post-operative 

versions12, the Knee Society Clinical Rating System (KSCRS)13, the Western Ontario and McMaster 

Universities Osteoarthritis Index (WOMAC)14, and the 12-Item Short Form Health Survey version 2 (SF-

12)15. ASA class, alcohol consumption, smoking status, living status, and previous knee surgeries were 

dichotomized. ASA class was split into two categories, patients scored as class 1 and 2, and patients 

scored as class 3 and 4. Alcohol consumption was split into medium and light (<5 drinks per week) and 

heavy drinkers (>5 drinks per week). Living status was split into patients who lived alone and patients 

who lived with others. Previous surgery was split into patients who had previously undergone knee 

surgery and those who had not. 

 

4.2.4 Missing Data 

Any variables that had greater than 15% of the data missing were not included in the analysis. The 

KSCRS anteroposterior stability, mediolateral stability, flexion contracture, extension lag, and valgus 
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alignment variables were not included in the analysis, as too much data were missing. Missing data were 

imputed using k nearest neighbours’ imputation using the DMwR2 R package16. 

 

4.2.5 Statistical Analysis 

All analyses were completed in R version 4.0.317. 

 

The data was split 70:30 between a training (n=1022) and a test set (n=437). The split was stratified on 

the dissatisfaction variable to ensure that there was roughly the same ratio of dissatisfied patients in the 

training and the test sets using the caret R package18. Seven different statistical and machine learning 

models (R package used) were attempted including: standard logistic regression, elastic-net logistic 

regression (GLMnet)19, random forest (randomForest)20, gradient boosted trees (gbm)21, extreme 

gradient (XG) boosted trees (xgboost)22, support vector machines (e1071)23 (SVM), and neural networks 

(keras)24. For all models except neural networks the caret R package was used to perform 10-fold cross-

validation to select the optimal model. For neural networks, a single validation set was used18.  

 

No explicit sample size calculation was completed as it is generally recommended that as large a sample 

as possible be collected to create prediction models using machine learning methods. 

 

The standard logistic regression model was selected using backwards elimination. A p-value of 0.20 was 

used as the cut off so that no potentially important variables were excluded. Variance inflation factor 

(VIF) was calculated for the model using the car R package, with a VIF>5 being considered problematic25.  

 

Elastic-net logistic regression adds regularization to a standard logistic regression model to avoid 

overfitting and improve model performance26,27.  

 

A random forest is an ensemble tree-based method26,27. This method fits a large number of classification 

trees (usually several thousand) using bootstrapped samples and a random subset of predictor variables, 

preventing classification trees from being too uniform. The outcome of each of the individual trees is 

aggregated and a final prediction is generated26,27.  

 



49 
 
 

Gradient boosting and XG boosting are both gradient boosting methods; however, they use different 

algorithms to select and optimize models22. Gradient and XG boosted trees, like random forests, are 

ensemble tree-based methods. However, these methods fit a series of classification trees sequentially, 

with each tree created attempting to fix the prediction errors made by the previous tree. This process is 

typically repeated several hundred or several thousand times.  

 

SVMs are models that attempt to draw a hyperplane that maximizes the distance between the two 

classes26,27. This model type can be linear or non-linear. To create a non-linear model, a kernel can be 

used, to allow for greater flexibility. This study used a non-linear version of SVMs. Platt scaling was used 

to calibrate the SVM model26,27. 

 

Neural network models are meant to emulate the neuronal circuitry of the human brain27. Neural 

networks consist of a series of inputs, hidden layers of nodes, and an output. Data must pass through all 

the layers and a prediction is generated at the end. These models are extremely flexible and can map 

complex patterns27.  

 

4.2.6 Model Evaluation 

After the optimal model for each type of machine learning algorithm was generated using the training 

set, its performance was evaluated using the test set. Metrics that evaluated model discrimination and 

calibration were used.  

 

4.2.6.1 Discrimination 

Discrimination is the model’s ability to accurately predict a patient’s satisfaction status (i.e. correctly 

predicting that a dissatisfied patient would be dissatisfied). Model discrimination was evaluated using 

area under the curve (AUC). Additionally cut points were established that maximized model accuracy 

and overall accuracy, sensitivity, specificity, positive predictive value (PPV), negative predictive value 

(NPV), and kappa scores were calculated27. 

 

4.2.6.2 Calibration 

Calibration is the model’s ability to accurately assign probabilities to a patient’s outcome (i.e. patients 

who are assigned a probability of 0.6 are dissatisfied 60% of the time). The models’ calibration was 
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evaluated using the Brier score, Cox intercept, and Cox slope. Brier score is a measure of how closely 

probabilities predicted by the model match the actual outcome27, with a lower score indicating better 

performance. Cox intercept and slope are measures of how well the calibration probability matches with 

an actual outcome. The optimal Cox intercept is 0 and the optimal Cox slope is 1, with values close to 0 

and 1 indicating good overall calibration. Calibration plots were generated for the models that 

performed best27. Calibration metrics and plots were calculated using the rms R package28. 

 

4.2.7 Model Interpretation 

Not all machine learning models are equally interpretable or provide information about variable 

importance. If the algorithm allowed for straightforward interpretation of the importance or effect of 

individual variables on model performance, that information was included for the best performing 

models. For logistic regression an output table including odds ratios was generated. For tree-based 

models, relative influence plots were created, and variables were grouped into high, medium, and low 

influence categories. 

 

 

4.3 Results 

Of an initial 3000 patients who were identified as candidates for this study, 1,432 met the inclusion 

criteria. The study population had a mean age of 66.75 and 969 (64.5%) were female. A total of 313 

(21.8%) patients were classified as dissatisfied or unsure at 1-year post-surgery. Descriptive statistics 

including t-tests/chi-squares are included in table 4.1. 
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Table 4.1. Descriptive statistics including mean, standard deviation and t-test/chi-square p-values. Values in bold 
indicate a p-value of less than 0.05. 

  Dissatisfied or Neutral Satisfied   

 n=313 n=1119  

Variable Mean/Frequency SD Mean/Frequency SD 

T-Test/Chi 
Square P-

Values 

Age 66.62 10.88 66.79 9.42 0.809 
BMI 33.77 8.24 33.35 7.24 0.106 
Gender (Female) 67.7%  63.5%  0.12 
Living Status (Live Alone) 25.6%  21.3%  0.023 
Alcohol Consumption (>5 Drinks/Week) 15.7%  21.1%  0.206 
Smoker 47.6%  51.7%  0.884 
ASA Class (Three and Four) 60.7%  54.8%  0.171 
PCL Sacrificed 85.3%  87.3%  0.353 
Patella Resurfaced 22.0%  27.3%  0.059 
Valgus Alignment (>10 degrees valgus) 28.4%  24.2%  0.128 
Varus Alignment (<2 degrees valgus) 61.0%  72.1%  <0.001 
Neutral Alignment (2-10 degrees valgus) 10.5%  3.7%  <0.001 
KSCRS Preop Pain  19.95 6.67 21.53 6.58 <0.001 
KSCRS Preop Range of Motion Extension 5.05 9.36 4.42 5.77 0.033 
KSCRS Preop Range of Motion Flexion 102.33 13.85 103.85 13.74 0.205 
KSCRS Preop Total Function  45.59 12.36 48.45 12.36 0.883 
SF-12 Preop MCS  49.77 10.98 54.01 10.18 0.062 
SF-12 Preop PCS  30.27 7.55 32.19 8.33 <0.001 
WOMAC Preop Pain  42.82 16.04 49.81 17.44 <0.001 
WOMAC Preop Stiffness  38.07 19.80 42.10 19.94 0.002 
WOMAC Preop Function  42.69 15.44 49.93 16.72 <0.001 
WOMAC Preop Total Score  41.74 14.70 48.19 15.58 <0.001 
KSS Symptoms  7.02 4.81 8.71 5.35 <0.001 
KSS Preop Satisfaction  12.23 6.60 14.73 7.28 <0.001 
KSS Preop Expectations  13.20 2.22 13.73 1.67 <0.001 
KSS Walking Standing  10.50 7.66 12.06 7.58 0.001 
KSS Standard Activity  11.00 4.84 12.63 4.98 <0.001 
KSS Advanced Activity  4.40 4.03 5.37 4.30 <0.001 
KSS Discretionary Activity  4.82 3.14 5.56 3.16 <0.001 
SD, standard deviation; BMI, body mass index; ASA, American Society of Anesthesiologists; PCL, posterior collateral ligament; KSCRS, Knee 
Society Clinical Rating System; SF-12, 12-Item Short Form Health Survey version 2; MCS, mental component score; PCS, physical component 
score; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index; KSS, Knee Society Knee Scoring System. 
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4.3.1 Model Performance 

4.3.1.1 Discrimination 

Measures of discrimination are included in table 4.2. The models that performed best when considering 

discrimination metrics were the standard logistic regression and XG boosted trees models. The logistic 

regression model outperformed the elastic-net logistic regression model and was chosen as the final 

model. When considering the AUC, accuracy, sensitivity, specificity, and kappa score, the logistic 

regression model performed best.  

 

4.3.1.2 Calibration 

Measures of model calibration are included in table 4.2. When considering Brier score, Cox intercept, 

and Cox slope, the best performing models were the logistic regression and gradient boosted trees 

models (figure 4.1A and 4.1C). The XG boosted trees model was very poorly calibrated (figure 4.1B). This 

is illustrated by the proximity of the dotted line and the triangles to the thick grey line in figure 4.1. 
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Table 4.2. Discrimination and calibration measures of the test set including AUC, accuracy, 
sensitivity, specificity, positive predictive value, negative predictive value, kappa score, Brier score, 
Cox intercept, and Cox slope. Cut points used to generate accuracy, sensitivity, specificity, positive 
predictive value, negative predictive value, and kappa score were chosen to maximize accuracy. 

 Measure 

Standard 
Logistic 

Regression 
Random 
Forest 

Gradient 
Boosted 

Trees 

XG 
Boosted 

Trees 

Support 
Vector 

Machines 
Neural 

Networks 

Discrimination       
  AUC 0.736 0.709 0.689 0.713 0.6 0.702 
  Accuracy 0.795 0.786 0.79 0.781 0.664 0.804 
  Sensitivity 0.155 0.202 0.083 0.214 0.44 0.131 
  Specificity 0.951 0.928 0.962 0.919 0.719 0.968 
  PPV 0.433 0.405 0.35 0.391 0.276 0.5 
  NPV 0.822 0.827 0.812 0.828 0.841 0.821 
  Kappa Score 0.139 0.16 0.064 0.161 0.13 0.137 
Calibration       
  Brier Score 0.141 0.147 0.149 0.165 0.243 0.153 
  Cox Intercept 0.241 0.473 0.054 0.798 -1.246 0.112 
  Cox Slope 1.310 1.092 1.158 3.14 0.098 1.663 
XG, extreme gradient; AUC, area under the curve; PPV, positive predictive value; NPV, negative predictive value.  
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Figure 4.1. Calibration plots for the logistic regression (A), extreme gradient boosted trees (B) and 
gradient boosted trees models (C). The triangles indicate a group of 40 patients. The average 
probability for the group is taken and then that is compared to percentage of patients who are 
actually dissatisfied. The dotted line is a smoothed calibration line. The thick grey line indicates 
perfect calibration. 

  

Gradient Boosted Trees C 
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4.3.2 Model Interpretation 

The output of the logistic regression model is included in table 4.3, outlining important predictors. The 

relative influence of the individual variables for the XG boosted and gradient boosted models has been 

included in figure 4.2, with variables being grouped into high, medium, and low influence categories. 
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Table 4.3. Logistic regression model output table. Age, BMI, and gender were forced into the model 
regardless of significance. 

  Dissatisfaction 

Predictors Estimates Standard Error 
P-

Value Odds Ratios 
Confidence 

Interval 

(Intercept) 3.462 1.153    

Age 0.017 0.009 0.049 1.02 1.00 – 1.03 

BMI 0.002 0.011 0.818 1.00 0.98 – 1.02 

Gender (Female) -0.021 0.174 0.901 0.98 0.69 – 1.37 

Valgus Alignment -0.609 0.332 0.066 0.54 0.29 – 1.05 

Varus Alignment -0.856 0.311 0.006 0.42 0.23 – 0.79 

Patella Resurfaced -0.37 0.185 0.045 0.69 0.48 – 0.99 

KSCRS Pain -0.018 0.013 0.147 0.98 0.96 – 1.01 

SF-12 MCS -0.028 0.008 0.001 0.97 0.96 – 0.99 

SF-12 PCS -0.018 0.012 0.149 0.98 0.96 – 1.01 

WOMAC Function -0.014 0.006 0.032 0.99 0.97 – 1.00 

KSS Pre-Surgery Satisfaction -0.016 0.015 0.294 0.98 0.96 – 1.01 

KSS Pre-Surgery Expectations -0.155 0.04 <0.001 0.86 0.79 – 0.93 

KSS Walking Standing 0.022 0.012 0.072 1.02 1.00 – 1.05 

Observations 1003 
BMI, body mass index; KSCRS, Knee Society Clinical Rating System; SF-12, 12-Item Short Form Health Survey version 2; MCS, mental 
component score; PCS, physical component score; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index; KSS, 
Knee Society Knee Scoring System. 
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Figure 4.2. This is a graphical representation of relative importance of variables for the extreme 
gradient boosted trees and gradient boosted trees scaled from 0-100, with the most important 
variable being scored as 100 and the least important scored as 0.  
BMI, body mass index; SF-12, 12-Item Short Form Health Survey version 2; MCS, mental component score; KSS, Knee Society 
Knee Scoring System; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index; PCS, physical component 
score; KSCRS, Knee Society Clinical Rating System; PCL, posterior collateral ligament; ASA, American Society of 
Anesthesiologists. 
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4.4 Discussion 

When considering AUC, the best and second-best performing models respectively were standard logistic 

regression and XG boosted trees. This finding was unexpected and suggests that when predicting 

dissatisfaction using variables that can be considered as typically collected as part of a pre-surgery 

assessment, more complex machine learning models may not offer a predictive advantage over 

standard logistic regression. This was contrary to the findings of Kunze4 and Farooq5 who found that 

machine learning models outperformed standard logistic regression when predicting dissatisfaction. 

However, this finding was consistent with a systematic review by Christodolou29, that found in a medical 

context machine learning methods did not outperform logistic regression. A possible reason for the 

disparity, is that this study made use of different variables than Kunze4 and Farooq5. Notably, we 

included the SF-12 and WOMAC as predictor variables. These questionnaires are validated and 

commonly used with arthroplasty patients. Additionally, a different satisfaction measure was used as 

the dependent variable. Although the variables used in this analysis have historically been considered as 

important, it appears that they do not contain the necessary information to accurately predict 1-year 

post-surgery TKA dissatisfaction and are not capable of fully realizing the benefits of machine learning 

methods. A wider variety of explanatory variables and analytical methods must be investigated.  

 

Despite acceptable AUC values, when establishing discriminatory cut points and examining accuracy, 

sensitivity, specificity, and kappa scores none of the models performed particularly well. How a 

discriminatory cut point is chosen depends on the priority of the decision maker. However, in this study 

cut points were simply chosen to maximize accuracy. Generally, models performed at or below the no 

information rate. This means, that when maximizing accuracy, the models’ performance was 

approximately the same or worse as predicting that all patients would be satisfied. Additionally, the 

models have low sensitivity scores, indicating that they struggle to accurately identify dissatisfied 

patients. It is possible to improve sensitivity of a model by adjusting the cut point that is chosen. 

However, this would come at the expense of specificity and overall accuracy. 

 

When evaluating these models, it is also important to consider how the model is going to be used and 

how well the model needs to perform in order to be clinically useful as a discriminatory tool. This would 

require a discussion of acceptable sensitivity and specificity values. It would also require that a 
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judgement be made about which is more costly, not performing surgery on a patient who would be 

satisfied or performing surgery on a patient who will be dissatisfied. The machine learning models 

presented in this paper likely do not discriminate well enough to be useful as clinical decision tools. 

 

Despite the poor discriminatory capacity of the models, the calibration scores appear to be more 

promising. This indicates that the models may be better at generating an accurate probability that a 

patient will be dissatisfied than discriminating between satisfied and dissatisfied patients. Although not 

optimal, the best calibrated models were the logistic regression and gradient boosted trees models. It 

would be possible to use the probabilities generated by these models to help inform surgeon and 

patient decision making, without the models making an explicit prediction about whether a patient is 

dissatisfied or not. Harrell30 has argued there can be great value in using medical prediction models in 

this probabilistic fashion. This approach has the additional benefit of allowing the surgeon’s judgement 

and the patient’s viewpoint to be used in treatment decisions30,31. In this way information that has not 

been incorporated into a prediction model can be included in the decision-making process.  

 

When evaluating significant and influential predictors of satisfaction, a consistent theme appeared in 

the logistic regression, gradient boosted trees, and XG boosted trees models. Specifically, age, pre-

surgery WOMAC function, pre-surgery SF-12 MCS, and pre-surgery patient expectations were all 

identified as significant/influential predictors of satisfaction. It is important to note that unlike logistic 

regression, the relative influence of a variable does not provide any information about the direction or 

the context in which the variable is influencing the prediction. For example, in the logistic regression 

model the odds ratio for age indicates that the older a patient is the more likely they are to be 

dissatisfied. This relationship cannot be assumed when examining the relative influence plot. The 

information from logistic regression and tree-based models in some sense can be considered 

complimentary as they are providing different types of information about predictors of dissatisfaction 

and if used together could potentially help further our understanding of how these variables influence 

satisfaction. In the gradient boosted trees and XG boosted trees models, BMI was a highly influential 

variable, but was not a significant predictor in the logistic regression model. This finding does not 

necessarily indicate that higher BMI is associated with dissatisfaction. It is possible that BMI has a 

complex relationship with dissatisfaction and is conditionally important. This could help explain the 

inconsistent relationship between BMI and satisfaction in the literature32. 
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The variables included in this study do not appear to have the necessary information to accurately 

predict 1-year post-surgery dissatisfaction, and it may be possible that there is no reasonable way to 

predict dissatisfaction using pre-surgery and surgical variables. However, before making this 

determination there are other analytical methods and predictors to explore. Part of the value of 

machine learning methods is their ability to map complex patterns and include a wider variety of data 

than standard statistical models. Natural language processing (NLP) is a form of machine learning that 

can be used to process language and predict outcomes. Training NLP models to make use of the 

information in clinical notes to predict dissatisfaction is a possible avenue for future research. Using 

machine learning to analyze radiographic images to predict dissatisfaction is also an area to investigate. 

Lastly, the collection of different PROMs that provide more granular information about the patient may 

allow for the models to be improved. Specifically, determining what a patient would define as a 

successful outcome for their surgery. This could include determining, not just pre-surgery expectations, 

but specific activities that are particularly important or that the patient is motivated to perform. 

Additionally, psychological factors (i.e. personality, self-efficacy, and locus of control), socio economic 

status, financial well-being, and social support remain mostly unexplored in the TKA literature. Including 

these or other variables that may interact with standard PROMs and can take advantage of the flexibility 

of machine learning methods could potentially improve the performance of prediction models. 

 

This study had several limitations. First the study is a retrospective analysis, although the PROMs were 

collected prospectively. It could be a potential limitation that this study only included a 1-year follow up, 

although a systematic review and meta-analysis completed by Ramkumar33 has found no difference in 

outcomes 1 and 2-years post-surgery for lower body total joint arthroplasty, so a 1-year follow up time 

should be acceptable33. This study was missing a comorbidity measure, and additionally, several of the 

KSCRS sub scores had to be removed because of missing data. The choice to dichotomize ASA class, 

alcohol consumption, smoking status, living status, and previous knee surgeries variables may have 

adversely affected model performance. Lastly, despite the relatively large sample size of this study, it is 

likely still too small to generate an optimal prediction model. 

 

In conclusion, all the models in this study do not perform well as discriminatory tools and are early 

attempts at using machine learning models to predict dissatisfaction. A wider array of variables and 
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analytical techniques need to be investigated to determine if machine learning models can more 

accurately predict TKA dissatisfaction. In order to make this determination a decision must also be made 

with regards to how these tools will be used. If the models will not be used in a stand-alone 

discriminatory capacity, there may be greater value in creating well-calibrated prediction models that 

generate accurate probabilities than models that are meant to be purely discriminatory.  
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5 Can 1-Year Dissatisfaction with TKA be Predicted Pre-Surgery or Early 

in the Recovery Process? 

 

5.1 Introduction 

Total knee arthroplasty (TKA) is a common and effective surgery for relieving pain and improving 

function for patients with end-stage osteoarthritis (OA). However, at 1-year post-surgery approximately 

20% of patients are dissatisfied or unsure of their satisfaction with the results of their surgery1,2. The 

most consistently identified factors associated with dissatisfaction are pain in the joint1–8, a lack of 

functional ability4,6,8–11, and unmet patient expectations following surgery4,7,8,12–14. Two different 

strategies that aim to improve patient satisfaction have appeared in the literature. The first is identifying 

patients likely to be dissatisfied pre-surgery9,15. The second is the implementation of interventions that 

improve patient satisfaction16–18. 

 

Attempts at predicting dissatisfaction using solely pre-operative variables have traditionally been done 

by dichotomizing the satisfaction variable, at which point logistic regression and machine learning 

models have been created to predict if a patient is satisfied or not9,15,19–22. These attempts have 

generally not been successful, with Baker9 concluding that patient satisfaction with TKA cannot be 

predicted using pre-operative variables alone. When these models do show some promise they have not 

generalized well to the population outside of the study sample15,19.   

 

Efforts to improve satisfaction via intervention during the post-surgery recovery process have focused 

on patient education and generating realistic patient expectations to improve met expectations scores 

and by association patient satisfaction16–18,23. Post-surgery interventions may be an effective way of 

improving TKA satisfaction. Identifying patients likely to be dissatisfied with their surgery early in the 

recovery process could allow for the implementation of interventions to improve satisfaction before 1-

year post-surgery where outcomes are more likely to be fixed. If early warning signs of dissatisfaction 

can be identified or prediction models can be created to identify these patients, it may be possible to 

reduce the number of individuals who are dissatisfied with their TKA. 
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The purpose of this study was to determine if prediction models can identify patients who are 

dissatisfied at 1-year post-surgery with pre-surgery variables alone or a combination of pre-surgery and 

3-month post-surgery variables using logistic regression and classification trees. 

 

5.2 Methods 

5.2.1 Patients 

This was a prognostic observational cohort study that retrospectively analyzed prospectively collected 

data. Patients included in this analysis were originally part of a randomized control trial (RCT) that 

attempted to improve TKA satisfaction using an e-learning tool that aimed to adjust patient 

expectations. The e-learning tool was observed to have no effect on patients16. As no differences 

between the treatment and control groups were observed, it was considered acceptable to pool 

patients into a single sample.  

 

For the initial RCT, patients scheduled to undergo TKA were recruited from a pre-admission clinic at a 

large teaching institution (University Hospital London, Ontario, Canada) between April 2013 and April 

2014. In order to be included in the original RCT, patients were required to be 20 years of age or older, 

have been diagnosed with knee osteoarthritis, and have the cognitive capacity to consent to participate. 

Patients undergoing patellar resurfacing, hemi or unicondylar knee arthroplasty, high tibial osteotomy, 

or knee surgery to address a tumor were excluded. Patients were asked to complete questionnaires at 

pre-surgery and 6-weeks, 3-months, and 1-year post-surgery. Questionnaires were completed by 

patients online and stored in a secure database. 

 

In order to be included in the present study, patients were required to have completed questionnaires 

at pre-surgery, 3-months post-surgery, and 1-year post-surgery. 

 

This study received ethics approval from the university ethics review board. 

 

5.2.2 Outcome Measures 

Questionnaires included the Knee Injury and Osteoarthritis Outcome Score (KOOS)24, the Knee Society 

Knee Scoring System (KSS; pre-operative and post-operative versions)25, the 12-Item Short Form Health 

Survey version 2 (SF-12)26, the Pain Catastrophizing Scale (PCS)27, the University of California at Los 
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Angeles (UCLA) Activity Score28, the Hospital Anxiety and Depression Scale (HADS)29, and the Self-

Administered Comorbidity Questionnaire (SCQ).   

 

Satisfaction was measured using the KSS satisfaction subscale which yields a patient satisfaction score 

ranging from 0-40 (least to most satisfied). This scale was dichotomized into a satisfied and dissatisfied 

group with patients scoring >24 considered to be satisfied and those scoring ≤24 considered to be 

dissatisfied. A score of 24 or less indicates that the patients must have responded to at least one of the 

satisfaction questions as dissatisfied or at least three questions as neutral. 

 

5.2.3 Statistical Analysis 

All statistical analyses were completed in R version 4.0.330.  

 

Descriptive statistics were calculated for all variables in the data set. Changes in satisfaction rates and 

histograms illustrating the distribution of the continuous satisfaction variable at pre-surgery, 3-months 

post-surgery, and 1-year post-surgery were created using the ggplot2 package31. 

 

Patients who did not complete questionnaires at 3-months post-surgery but had completed 

questionnaires at pre-surgery or pre-surgery and 1-year post-surgery were compared to determine if 

there were differences between patients who had completed all the questionnaires and those who had 

not. T-tests were used for continuous variables and chi square tests were used for categorical variables.  

 

Two sets of logistic regression and classification and regression tree (CART) models were created. The 

first set of models included only pre-surgery variables as candidate independent variables; the second 

set of models included both pre-surgery and 3-month post-surgery variables as candidate independent 

variables. The dichotomized KSS satisfaction subscale at 1-year was used as the dependent variable. 

Correlation with satisfaction and between potential independent variables was used to limit the number 

of variables considered for inclusion in the models. Highly correlated variables were removed from 

consideration to avoid multicollinearity.  Candidate independent variables included age, body mass 

index (BMI), and gender as well as the pre-surgery and 3-month post-surgery KOOS symptoms, KOOS 

activities of daily living (ADL), KOOS quality of life, KSS symptoms, KSS patient satisfaction, KSS patient 

expectations, SF-12 mental health, SF-12 bodily pain, and SF-12 vitality questionnaire subscales. Values 
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assumed to be missing at random were imputed using k nearest neighbours’ imputation using the 

DMwR2 R package32.  

 

Two logistic regression models were initially created using forward stepwise variable selection. No alpha 

cut off value was set for inclusion in the model. Forty-nine patients in the sample were dissatisfied. 

Therefore, a maximum of four variables were included in each of the models. This was done to ensure 

there were at least 10 dissatisfied observations per variable33. Multicollinearity was assessed using 

variance inflation factor (VIF) using the car R package34, with a VIF>5 being considered problematic. For 

each logistic regression model  elastic-net penalization was used to shrink model estimates to attempt 

to improve model generalizability using the GLMnet R package35. Bootstrapping was used to evaluate 

the consistency of the predictors selected for inclusion in the models. A total of 500 bootstrapped 

samples were generated and models were selected using an automated forward stepwise selection 

algorithm that was limited to four variables using the bootStepAIC R package36. Alpha and Lambda 

values for the elastic-net penalization were selected using the caret R package to maximize area under 

the curve (AUC) using 10-fold cross-validation repeated 10 times37. If elastic-net penalization did not 

improve model performance the standard logistic regression model was used. 

 

To create the classification tree models, the rpart R package was used to employ a recursive partitioning 

algorithm38. An initial tree was selected with the stopping criteria defined as a minimum of 20 

observations in each node for a split to be attempted. The initial tree was then pruned to prevent 

overfitting using a cost-complexity parameter. The cost-complexity parameter was selected with the 

caret R package using 10-fold cross-validation repeated 10 times. The tree with the highest cross-

validated accuracy was chosen37. 

 

Models were initially trained using all of the observations available in the data set. For the logistic 

regression models AUC and cross-validated AUC were calculated using the pROC and caret R packages39. 

For both logistic regression and classification tree models an overall and cross-validated prediction 

accuracy and kappa score was calculated using 10-fold cross-validation repeated 10 times with the caret 

R package37. Model performance was assessed using overall accuracy, sensitivity, specificity, positive 

likelihood ratio (LR+), negative likelihood ratio (LR-), positive predictive value (PPV), negative predictive 

value (NPV), cross-validated accuracy, and cross-validated kappa scores. AUC and cross-validated AUC 
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were also used to evaluate the discriminatory capacity of the logistic regression models. Brier score, Cox 

intercept, and Cox slope were calculated with the rms R package and used to evaluate calibration of the 

logistic regression models40. Contingency tables were also created for each model to identify the 

number of patients who were correctly predicted as dissatisfied, correctly predicted as satisfied, 

incorrectly predicted as dissatisfied and incorrectly predicted as satisfied. 

 

No sample size calculation was completed for this analysis as information from a previous or similar 

prediction model would be required to make the calculation and to the best of the author’s knowledge 

this information was not available.  

 

5.3 Results 

A total of 416 patients were recruited to participate in the initial RCT. Of this original sample, 50 did not 

undergo TKA or were missing measures from the pre-admission clinic. Of the 366 remaining eligible 

patients, 275 met the inclusion criteria for this study. 

 

Patient outcome scores and demographic information are included in table 5.1. Change in satisfaction 

rates are included in table 5.2. Histograms including distribution of the continuous satisfaction variable 

are included in figure 5.1. 
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Table 5.1. Descriptive statistics for all participants including mean and standard deviation.  

  
Pre-Surgery 3-Months 1-Year 

n=275 n=275 n=275 
Variable Mean SD Mean SD Mean SD 

Age 64.65 8.45     
Comorbidities 2.77 1.27     
Sex (Female)* 176 (64%)      
BMI 32.97 7.45     
KSS Patient Satisfaction Dichotomized at 1-Year (Satisfied)*     226 (82%)  
KSS Patient Satisfaction Score  13.27 6.73 28.73 7.92 31.95 8.54 
KSS Symptoms  10.07 3.70 17.67 5.04 19.54 4.97 
KSS Patient Expectations  13.41 1.90 8.58 2.39 9.16 2.78 
KSS Walking Standing  25.11 4.48 23.95 4.74 25.50 4.41 
KSS Standard Activity  11.74 4.85 21.53 4.81 23.24 5.23 
KSS Advanced Activity  4.57 3.63 9.08 5.59 11.51 5.80 
KSS Discretionary Activity  5.43 2.94 9.83 3.43 11.37 3.01 
KOOS Pain  41.58 16.79 72.59 16.77 82.06 17.34 
KOOS Symptoms  42.00 17.20 66.63 16.00 75.98 15.38 
KOOS Activities of Daily Living  46.38 17.64 76.47 15.39 83.43 16.46 
KOOS Functional Sport and Recreation  17.68 24.08 42.05 27.39 53.76 28.36 
KOOS Quality of Life  20.34 15.61 55.63 20.20 65.75 21.82 
PCS Rumination  9.31 3.85 5.99 2.84 5.68 3.00 
PCS Magnification  5.34 2.49 3.77 1.56 3.82 1.64 
PCS Helplessness  11.28 4.86 7.90 3.01 7.94 3.45 
SF-12 Physical Function  28.38 8.13 38.88 10.40 41.51 10.70 
SF-12 Role Physical  32.96 9.23 42.15 9.34 45.52 9.69 
SF-12 Bodily Pain  29.35 9.19 43.97 10.02 47.47 10.41 
SF-12 General Health  49.58 9.04 50.93 8.60 51.02 9.01 
SF-12 Vitality  47.13 9.87 50.82 9.13 52.79 9.19 
SF-12 Social Function  44.30 11.48 50.53 8.49 51.55 8.19 
SF-12 Role Emotional  72.35 27.44 83.85 21.26 88.01 18.65 
SF-12 Mental Health  84.89 20.82 92.16 17.73 93.57 17.44 
UCLA Activity Score  4.33 1.77 5.12 1.65 5.69 1.75 
*Values are represented as a frequency; SD, standard deviation; KSS, Knee Society Knee Scoring System; KOOS, Knee Injury and Osteoarthritis Outcome; 
PCS, Pain Catastrophizing Scale; Score; SF-12, Short Form Health Survey 12; UCLA, University of California Los Angeles 
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Figure 5.1. Includes histograms of the new knee society scoring system satisfaction scores (0-40 [worst to best]) for patients at pre-surgery, 3-months post-surgery, 
and 1-year post-surgery. 

Table 5.2. Descriptive statistics for satisfaction scores and dichotomized satisfaction frequency including mean/frequency, standard deviation, median and change 
scores.  

  Pre-Surgery 3-Months Post-Surgery 1-Year Post-Surgery Change Scores 

Variable 
Mean/ 

Frequency SD Median 
Mean/ 

Frequency SD Median 
Mean/ 

Frequency SD Median 
Pre and 3-Months 

Post-Surgery 
3-Months and 1-

Year Post-Surgery 

KSS Patient Satisfaction 13.27 6.73 12 28.73 7.92 30 31.95 8.54 34 15.46 3.22 

Dichotomized 
Dissatisfaction Rate* 255 (93%)   72 (26%)   49 (18%)   -0.67 -0.08 
*Patients satisfaction was dichotomized with scores ≤24 being considered dissatisfied and scores >24 being considered satisfied; SD, standard deviation; KSS, New Knee Society Knee Scoring System 
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Approximately 1.2% of all data were found to be missing and was therefore imputed. No individual 

variable had more than 10% of its data missing. 

 

No significant differences at pre-surgery or 1-year post-surgery were observed between patients who 

had and had not completed a 3-month post-surgery questionnaire. 

 

For both the pre-surgery only and pre-surgery and 3-months post-surgery logistic ridge regression 

models, elastic-net penalization was not found to improve model performance. Therefore, standard 

logistic regression models were reported. The logistic regression model using only pre-surgery 

independent variables (table 5.3) was found to have an AUC and cross-validated AUC of 0.737 and 0.714 

respectively, a Brier score of 0.131, a Cox intercept of 0, and a Cox slope of 1. When establishing a cut 

point to maximize accuracy, an overall accuracy of 0.825 and a cross-validated accuracy of 0.818 were 

found. The model’s sensitivity was 0.061 and specificity was 0.991. A cut-off value of 0.55 maximized 

model accuracy in the discrimination analysis, with values above 0.55 predicting that a patient was 

dissatisfied and below 0.55 predicting that a patient was satisfied (table 5.4). This model included four 

variables: pre-surgery KSS patient satisfaction, pre-surgery KSS symptoms, pre-surgery KOOS symptoms, 

and pre-surgery KOOS quality of life. The frequency with which these variables were found in 500 

bootstrapped logistic regression models is included in table 5.3. All VIF scores were <5. 
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Table 5.3. A logistic regression model predicting 1-year TKA patient dissatisfaction using pre-surgery patient reported 
outcome measures. 

  Patient Satisfaction 

Predictors Estimates 
Standard 

Error 
P-Value 

Odds 
Ratios 

Confidence 
Interval 

Bootstrap 
Frequency 

Intercept -0.748 0.622    
 

KSS Pre-Surgery Patient Satisfaction  -0.129 0.036 <0.001 0.88 0.82 – 0.94 0.388 

KSS Pre-Surgery Symptoms  -0.148 0.062 0.018 0.86 0.76 – 0.97 0.172 

KOOS Pre-Surgery Symptoms  0.038 0.012 0.002 1.04 1.01 – 1.06 0.646 

KOOS Pre-Surgery Quality of Life 0.028 0.014 0.044 1.03 1.00 – 1.06 0.536 

Observations 275 

AUC/Cross-Validated AUC 0.737/0.714 

Brier Score 0.131 

Cox Intercept 0 

Cox Slope 1 
KSS, Knee Society Score; KOOS, Knee Injury and Osteoarthritis Outcome Score; AUC, area under the curve 

 

Table 5.4. Contingency table for the pre-surgery only logistic regression 
model illustrating the number of patients correctly predicted as 
dissatisfied and satisfied, dissatisfied patients incorrectly predicted as 
satisfied, and satisfied patients incorrectly predicted as dissatisfied. A 
cut-off value of 0.55 maximized overall model accuracy. 

  Actual Outcome  

  Dissatisfied Satisfied  

P
re

d
ic

te
d

 
O

u
tc

o
m

e 

Dissatisfied 3 2 5 

Satisfied 46 224 270 

  49 226 275 

  



75 
 

The classification tree model using only pre-surgery variables produced a model that made no splits in 

the data. This means that the model did not include any variables and simply predicted that all patients 

would be satisfied. As this model did not perform better than the no information rate, it will not be 

discussed further in the results section. 

 

The logistic regression model using pre-surgery and 3-month post-surgery variables (table 5.5) was 

found to have an overall and cross-validated AUC of 0.909 and 0.903 respectively, a Brier score of 0.079, 

a Cox intercept of 0, and a Cox slope of 1. When establishing a cut point to maximize accuracy, an overall 

accuracy of 0.898 and a cross-validated accuracy of 0.881 were found. The model’s sensitivity was 0.673 

and specificity was 0.947. A cut-off of 0.41 maximized model accuracy in the discrimination analysis, 

with values above 0.41 predicting that a patient was dissatisfied and below 0.41 predicting that a patient 

was satisfied (table 5.6). There were four variables included in this model: 3-month KOOS ADL, 3-month 

KSS patient satisfaction, pre-surgery KSS patient satisfaction, and pre-surgery KOOS symptom. The 

frequency with which the variables appeared in the 500 bootstrapped logistic regression models is 

included in table 5.5. All VIF scores were <5. 
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Table 5.5. A logistic regression model predicting 1-year TKA patient dissatisfaction using pre-surgery and 3-month 
patient reported outcome measures. 

  Patient Satisfaction 

Predictors Estimates 
Standard 

Error 
P-Value 

Odds 
Ratios 

Confidence 
Interval 

Bootstrap 
Frequency 

Intercept 5.649 1.249    
 

KOOS 3-Months Activities of Daily Living  -0.089 0.022 <0.001 0.92 0.87 – 0.95 0.916 
KSS 3-Months Patient Satisfaction  -0.097 0.037 0.008 0.91 0.84 – 0.97 0.276 
KSS Pre-Surgery Patient Satisfaction  -0.111 0.044 0.012 0.89 0.82 – 0.97 0.408 
KOOS Pre-Surgery Symptoms  0.066 0.016 <0.001 1.07 1.04 – 1.10 0.646 

Observations 275 
AUC/Cross-Validated AUC 0.909/0.903 
Brier Score 0.079 
Cox Intercept 0 
Cox Slope 1 
KSS, Knee Society Knee Scoring System; KOOS, Knee Injury and Osteoarthritis Outcome Score; AUC, area under the curve 

 
 

Table 5.6. Contingency table for the pre-surgery and 3-month post-
surgery logistic regression model illustrating the number of patients 
correctly predicted as dissatisfied and satisfied, dissatisfied patients 
incorrectly predicted as satisfied, and satisfied patients incorrectly 
predicted as dissatisfied. A cut-off value of 0.41 was used for the model 
to maximize overall accuracy. 

  Actual Outcome  

  Dissatisfied Satisfied  

P
re

d
ic

te
d

 
O

u
tc

o
m

e 

Dissatisfied 33 12 45 

Satisfied 16 214 230 

  49 226 275 
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The classification tree model using pre-surgery and 3-month post-surgery variables had an overall 

accuracy of 0.884, a cross-validated accuracy of 0.856, a sensitivity of 0.694, and a specificity of 0.925 

(figure 5.2 & table 5.7). This model made use of two variables and included two splits and three terminal 

nodes. The variables included in this model were the 3-month KOOS ADL and 3-month KSS patient 

satisfaction. This model predicted that patients with a KOOS ADL score <67 and a KSS patient 

satisfaction score <27 would be dissatisfied, whereas patients with a 3-month activities of daily living 

score ≥ 67 would be satisfied, and patients with a 3-month KOOS ADL score < 67 but a 3-month KSS 

patient satisfaction score ≥ 27 would be satisfied.  
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Table 5.7. Cross tabulated table for the classification tree model using 
pre-surgery and 3-month post-surgery patient reported outcome 
measures illustrating the number of patients correctly predicted as 
dissatisfied and satisfied, dissatisfied patients incorrectly predicted as 
satisfied and satisfied patients incorrectly predicted as dissatisfied. 

  Actual Outcome  

  Dissatisfied Satisfied  

P
re

d
ic

te
d

 
O

u
tc

o
m

e 

Dissatisfied 34 17 51 

Satisfied 15 209 224 

  49 226 275 

 

Figure 5.2. A classification tree predicting 1-year TKA patient satisfaction using pre-surgery and 3-

month post-surgery patient reported outcome measures. (3-month activities of daily living on the 

KOOS measurement scale 0-100 [worst to best] and 3-month patient satisfaction KSS measurement 

scale 0-40 [worst to best]).  

KOOS, Knee Injury and Osteoarthritis Outcome Score; ADL, activities of daily living; KSS, Knee Society Knee Scoring System; 

TKA, total knee arthroplasty. 
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The accuracy, cross-validated accuracy, kappa, cross-validated kappa, sensitivity, specificity, LR+, LR-, 

PPV, and NPV for the logistic regression model using only pre-surgery independent variables, the logistic 

regression model using pre-surgery and 3-month post-surgery independent variables and the 

classification tree using pre-surgery and 3-month post-surgery independent variables have been 

included in table 5.8. 
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Table 5.8. The accuracy/cross-validated accuracy, kappa/cross-validated kappa, 
sensitivity, specificity, likelihood of a positive test result, likelihood of a negative test 
result, positive predictive value and negative predictive value calculations for the 
logistic regression and classification tree models. 

Measure 
Logistic Regression 

Pre-Surgery 

Logistic Regression 
Pre-Surgery and 3-

Months Post-Surgery 
Classification 

Tree 

Accuracy/Cross- 
Validated Accuracy 0.825/0.818 0.898/0.881 0.884/0.856 
Kappa/Cross-
Validated Kappa 0.081/0.071 0.641/0.534 0.609/0.455 

Sensitivity 0.061 0.673 0.694 

Specificity 0.991 0.947 0.925 

LR+ 6.918 12.684 9.224 

LR- 0.947 0.345 0.331 

PPV 0.6 0.733 0.667 

NPV 0.83 0.93 0.933 
LR+, positive likelihood ratio; LR-, negative likelihood ratio; PPV, positive predictive value; NPV, 
negative predictive value  
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5.4 Discussion 

The prediction models using only pre-surgery variables generally did not perform well. Despite having 

acceptable AUC values, the logistic regression model performed only slightly better than simply 

predicting that all patients are satisfied when evaluating accuracy. Although accuracy is not always the 

most important measurement in a prediction model, it is still likely desirable that model accuracy be 

greater than simply predicting that all patients are satisfied. The pre-surgery CART model did not 

actually include any variables and simply predicted that all patients would be satisfied with their surgery. 

There does not appear to be enough information using the pre-surgery variables included in this study 

to predict dissatisfaction at 1-year post-surgery accurately.  

 

In contrast, it appears that patient dissatisfaction at 1-year post-surgery can be predicted using a 

combination of pre-surgery and 3-month post-surgery data. Both logistic regression and classification 

tree models predicted dissatisfaction accurately. The logistic regression model performed better than 

the classification tree, both in overall and cross-validated accuracy. Additionally, the logistic regression 

model had good AUC and cross-validated AUC values indicating that it has strong discriminatory capacity 

across a range of cut-off values. The similar overall and cross-validated accuracy and AUC of the logistic 

regression model suggests that it could generalize well to new data. However, when evaluating the 

CART model, there was a drop off between overall and cross-validated accuracy for the classification 

tree. This finding would suggest that this model may have been slightly overfitting the data. 

 

Both logistic regression models completed in this study were constrained by the sample size of the study 

and included only four variables. The small number of variables may have also been why the elastic-net 

penalization did not improve model performance for either logistic regression model. When examining 

the pre-surgery model, higher pre-surgery KSS patient satisfaction and pre-surgery KSS symptoms were 

negatively associated with dissatisfaction. Whereas higher pre-surgery KOOS symptoms and pre-surgery 

KOOS quality of life scores were positively associated with dissatisfaction (table 5.2). For the 3-month 

post-surgery model 3-month KOOS ADL, 3-month KSS patient satisfaction, and pre-surgery KSS patient 

satisfaction were negatively associated with dissatisfaction. Whereas pre-surgery KOOS symptoms was 

positively associated with dissatisfaction (table 5.4). 

 

The final classification tree model was simple and included two variables and three terminal nodes. This 

means that at most two steps or two cut-off values would be required to generate a prediction (figure 
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5.1). The two variables included in the model were the 3-months KOOS ADL and the 3-months KSS 

patient satisfaction sub scores. A score of 67 on the 3-months KOOS ADL sub score would indicate that, 

on average, patients report between mild and moderate discomfort performing the 17 activities 

included in the sub score. A KSS patient satisfaction score of 27 would indicate that a patient is satisfied, 

but not extremely satisfied. Both of these scores could indicate minimum thresholds that a patient 

would need to achieve by the 3-months post-surgery time point in order to be satisfied at 1-year post-

surgery. 

 

Both models that used pre-surgery and 3-months post-surgery data performed well. This could be 

attributable to the pattern of recovery for TKA patients. There is rapid improvement up to 3-months 

post-surgery, followed by much slower and gradual improvement between 3-months and 1-year post-

surgery 41. Therefore, a patient’s general function and pain scores at 3-months post-surgery is indicative 

of how satisfied they will be at 1-year post-surgery. It appears that the 3-month KOOS ADL, and 3-month 

post-surgery dissatisfaction variables are particularly important, as both 3-month post-surgery models 

found that these variables were significant predictors of dissatisfaction at 1-year. The KOOS ADL 

contains a series of questions that cover a wide range of activities that a patient would be expected to 

perform daily, for example, light household chores or walking up and down stairs. The inability to 

perform these tasks adequately 3-months after surgery may be a warning sign that patients are unlikely 

to be satisfied at 1-year post-surgery. It is possible that targeting the ability to perform the activities 

included in this domain could be a potential area for intervention. Dissatisfaction at 3-months post-

surgery evaluates a patient’s satisfaction with their pain while sitting, pain while lying, ability to rise 

from sitting, ability to perform ADL, and ability to perform recreational activities. It appears that a 

patient’s satisfaction at 3-months is extremely important for their satisfaction at 1-year post-surgery. As 

patient satisfaction is a measure that includes a number of different domains, the significance of this 

variable does not suggest any clear avenues for intervention.  

 

Interestingly, in both logistic regression models, higher pre-surgery KOOS symptoms indicate that a 

patient is less likely to be satisfied at 1-year post-surgery. The KOOS symptoms variable evaluates the 

physical characteristics of the knee, including, grinding, clicking, swelling, stiffness, and ability to 

straighten and bend the knee. It appears that if the pre-surgery symptoms in a patients’ knee are not as 

severe, they are more likely to be dissatisfied at 1-year post-surgery. 
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Despite the apparent success of both the logistic regression and classification tree models that made use 

of pre-surgery and 3-months post-surgery variables, there is more than model performance to consider 

when discussing the possible implementation of these models. While the logistic regression model does 

perform very well, it would be difficult to use in a clinical setting. In order to be implemented, it would 

require that patients fill out several questionnaires at multiple time points. The questionnaire scores 

would then need to be calculated and run through the logistic regression model in order to generate a 

prediction. While this is feasible, implementation could be difficult and expensive. Although the 

performance of the classification tree was not optimal, it does have several advantages in that it is 

simple, using only two variables and it is easy to understand. This model could be transported to a 

clinical setting without much difficulty. 

 

This study had several limitations, with the primary issue being that the sample may not have been large 

enough to generate a robust prediction model that will generalize well to other samples. The 

classification tree model is of particular concern here as the cross-validated accuracy was lower than the 

overall accuracy, indicating that the model may have been overfitting the sample. The lack of stability in 

several of the predictors when performing the 500 iterations of the bootstrapped sample in both logistic 

regression models also highlights this issue. Additionally, this study may not have included all variables 

that are relevant to satisfaction. There may be missing demographic, clinical, or surgical variables that 

could improve the performance of the models that are not included in this study. Lastly, although no 

differences were observed at pre-surgery and 1-year post-surgery between patients who did and did not 

complete a 3-month post-surgery questionnaire, it is possible that there may have been differences 

between these patients at 3-months post-surgery. For example, patients may not have completed the 

questionnaire at this time point because they were dissatisfied with their knee at 3-months. This could 

potentially skew the results of the prediction models. 

 

In conclusion, dissatisfaction at 1-year can be predicted using pre-surgery and 3-month data using both 

logistic regression and classification trees. However, there are real advantages in terms of 

interpretability and clinical use to creating an accurate classification tree model. It also appears that the 

3-month post-surgery KOOS ADL and 3-month post-surgery KSS patient satisfaction variables are 

particularly important in determining if a patient will be dissatisfied at 1-year post-surgery. These 

findings need to be replicated with a larger sample size in order to attempt to improve the performance 

of the models created in this study. Using prediction models to identify patients likely to be dissatisfied 
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and targeting them for intervention early in the recovery process could help decrease the number of 

patients who are dissatisfied with their TKA.  
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6 Can a Pooled Index Predict Dissatisfaction With 1-Year Total Knee 

Arthroplasty Early in the Recovery Process? 

 

6.1 Introduction 

Total knee arthroplasty (TKA) patient satisfaction is a multidimensional patient reported outcome 

measure (PROM) that provides the patient’s evaluation of the success of their surgery. Satisfaction has 

most consistently been associated with pain1–6, function1,3,5–8, and met expectations2,4,9–12. Although TKA 

has been shown to be an effective treatment for end-stage osteoarthritis, approximately 20% of 

patients are consistently found to be dissatisfied or unsure of their satisfaction with their surgery6,13. 

This 20% dissatisfaction rate has persisted despite improvements in both the quality of implants and 

surgical techniques6,13.  

 

If effective prediction models can be developed to identify dissatisfied patients early in the recovery 

process, it may be possible to reduce dissatisfaction rates. A simple way in which this could be done, 

while accounting for satisfaction’s multidimensional nature, would be through the use of a pooled index 

composed of PROMs items14,15. A pooled index is a method in which a combination of usually five or six 

different outcome measures are weighted and then summed together to create a single overall 

score14,15. If a computationally simple pooled index can be created and a cut point that discriminates 

between satisfied and dissatisfied patients can be established, it may be possible to create a simple and 

easily administered prediction model.  

 

Attempting to create a TKA satisfaction pooled index using existing subscales would require that 

patients answer a significant number of individual PROM items. This would place a substantial burden 

on patients, be time consuming to administer, and difficult to score. In order to reduce the burden on 

patients and limit the number of questions they were required to answer, Van Onsem16 used individual 

pre-surgery PROM questionnaire items in regression models to predict 3-month post-surgery patient 

satisfaction. Although this model did not successfully translate to new data, using individual 

questionnaire items in the form of a pooled index could allow for the creation of a prediction tool that is 

easy to administer and can be used early in the recovery process to predict 1-year post-surgery 

dissatisfaction. 
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The purpose of this study was to create a pooled index using individual PROM questionnaire items and 

to perform a cut point analysis on that index to determine if 1-year patient dissatisfaction can be 

predicted at 3-months post-surgery using a simple prediction tool.  

 

6.2 Methods 

6.2.1 Patients 

This was a prognostic observational cohort study that retrospectively analyzed prospectively collected 

data. Patient data used in this analysis was drawn from a randomized control trial (RCT) that aimed to 

employ an e-learning tool to generate realistic expectations for TKA patients and by association improve 

patient satisfaction17. No differences between the treatment and control groups were observed. As the 

e-learning tool was observed to have no effect, it was considered acceptable to pool patients into a 

single sample.  

 

For the initial RCT, patients scheduled to undergo TKA were recruited from a pre-admission clinic at a 

large teaching institution (University Hospital London, Ontario, Canada) between April 2013 and April 

2014. The inclusion criteria for the RCT required that patients be 20 years of age or older, have been 

diagnosed with knee osteoarthritis, and have the cognitive capacity to consent to participate. Patients 

undergoing patellar resurfacing, hemi or unicondylar knee arthroplasty, high tibial osteotomy, or knee 

surgery to address a tumor were excluded. Questionnaires were completed pre-surgery and at 6-weeks, 

3-months, and 1-year post-surgery. Patients completed questionnaires online and responses were 

stored in a secure database. 

 

The inclusion criteria for the present study required that patients have completed questionnaires at pre-

surgery, 3-months post-surgery, and 1-year post-surgery.  

 

This study received ethics approval from the university ethics review board. 

 

6.2.2 Outcome Measures 

PROMs included in the study were the Knee Society Knee Scoring System (KSS; pre-operative and post-

operative versions)18, the Knee Injury and Osteoarthritis Outcome Score (KOOS)19, the 12-Item Short 

Form Health Survey version 2 (SF-12)20, the Self-Administered Comorbidity Questionnaire (SCQ), the 
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Hospital Anxiety and Depression Scale (HADS)21, the University of California at Los Angeles (UCLA) 

Activity Score22, and the Pain Catastrophizing Scale (PCS)23. 

 

The KSS satisfaction subscale was used as the outcome variable. This subscale consists of five questions 

that ask patients to rate their satisfaction with pain while sitting, pain while lying down, their ability to 

get out of bed, ability to perform light household duties, and ability to perform recreational activities. 

Each question includes the response options (score): very satisfied (8), satisfied (6), neutral (4), 

dissatisfied (2), and very dissatisfied (0). The five individual items are summed to generate a score 

between 0 and 40 (least to most satisfied). Satisfaction scores were dichotomized into satisfied and 

dissatisfied groups. Patients with satisfaction scores >24 were considered satisfied and patients with 

satisfaction scores ≤24 were considered dissatisfied. A score of ≤24 was chosen as this would mean that 

a patient must have responded to at least one of the satisfaction questions as dissatisfied or three 

questions as neutral. 

 

6.2.3 Statistical Analysis 

All statistical analyses were completed in R version 4.0.324.  

 

Descriptive statistics were calculated, and paired t-tests were used to test for differences between 3-

month and 1-year post-surgery outcomes. Missing data was imputed using K nearest neighbours 

imputation using the DMwR2 R package25. 

 

An initial correlation matrix was calculated using individual SF-12, KOOS, and KSS 3-month post-surgery 

items as well as the dichotomized 1-year post-surgery satisfaction variable. Area under the curve (AUC) 

was calculated using each individual KOOS and KSS questionnaire item as the predictor and 

dichotomized 1-year post-surgery dissatisfaction as the outcome variable. Individual questionnaire items 

that were most correlated with dissatisfaction and had the highest individual AUC values were identified 

as candidate variables to be included in the pooled index. Correlations between candidate variables for 

the pooled index were also evaluated to ensure that variables were not too closely related. A correlation 

between items of <0.6 was preferred14.  

 

A number of different potential pooled indices were created with a maximum of six items included in 

each index. A limit of six items was chosen as there has been little benefit observed in including more 
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than six variables14. AUC was calculated for each pooled index that was created using the pROC R 

package26. Bootstrapping with 1000 repetitions was used to calculate confidence intervals. When 

choosing the final pooled index, both the number of items included and the AUC score were considered, 

with fewer items being preferable. Only the optimal pooled index was reported. For each pooled index 

created, items were transformed so as to be oriented in the same direction and on the same scale if 

necessary. Items in each index were combined by summing the individual variables together. Weights 

were not applied to any items in the index. This method of combining items was chosen in order to 

maximize computational simplicity.  

 

For the final pooled index, a cut point analysis maximizing overall accuracy was completed27. A second 

cut point that aimed to balance sensitivity and specificity scores was also established. Cut points were 

established using the cutpointr R package28. Using the selected cut points, accuracy, sensitivity, 

specificity, positive likelihood ratio (LR+), negative likelihood ratio (LR-), positive predictive value (PPV), 

and negative predictive value (NPV) were calculated.  

 

No sample size calculation was completed as there is limited information about necessary sample sizes 

required for the creation of a pooled index. 

 

6.3 Results 

A total of 416 patients were recruited to participate in the initial RCT. Of this original sample 50 did not 

undergo TKA or were missing measures from the pre-admission clinic. Of the 366 remaining eligible 

patients, 275 met the inclusion criteria for this study. 

 

Descriptive statistics for demographic information and patient outcome scores are included in table 6.1. 

 

The final pooled index that was chosen included five individual items (table 6.2) that were summed 

together to generate a score ranging from 0-20 (best to worst state). The pooled index was composed of 

four items from the KOOS and one item from the KSS questionnaires. Items included from the KOOS 

were the P1 and P6 questions from the pain subscale, and the A3 and A17 questions from the KOOS 

activities of daily living (ADL) subscales. The item included from the KSS was the third question from the 

met expectations’ subscale (table 6.2). The met expectations variable had its scoring direction reversed 
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to match the KOOS items and was transformed so as to be scored from 0-4 (best to worst) instead of 1-5 

(worst to best). 

 

The pooled index was found to have an AUC of 0.89 with a 95% confidence interval of 0.825-0.941. The 

cut point analysis maximizing accuracy found that if the pooled index was ≥12, the patient was predicted 

as dissatisfied and if the pooled index was <12, the patient was predicted as satisfied. The cut point 

analysis balancing sensitivity and specificity found that if the pooled index score was ≥10, the patient 

was predicted as dissatisfied and if the pooled index was <10, the patient was predicted as satisfied. The 

measures of model performance are included in table 6.3. 
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Table 6.1. Descriptive statistics including mean and standard deviations with repeated measures t-tests 
evaluating significant differences between 3-months and 1-year post-surgery satisfaction. 

  
3-Months Post-Surgery 1-Year Post-Surgery T-Test P-

Values n=275 n=275 
Variable Mean SD Mean SD  

Age 64.65 8.45   
 

Comorbidities 2.77 1.27   
 

Sex (Female)* 176 (64%)    
 

BMI 32.97 7.45   
 

KSS Patient Satisfaction Dichotomized at 
1-Year (Satisfied)* 

  226 (82%)   

KSS Patient Satisfaction Score  28.73 7.92 31.95 8.54 <0.001 
KSS Symptoms  17.67 5.04 19.54 4.97 <0.001 
KSS Patient Expectations  8.58 2.39 9.16 2.78 0.009 
KSS Walking Standing  23.95 4.74 25.50 4.41 <0.001 
KSS Standard Activity  21.53 4.81 23.24 5.23 <0.001 
KSS Advanced Activity  9.08 5.59 11.51 5.80 <0.001 
KSS Discretionary Activity  9.83 3.43 11.37 3.01 <0.001 
KOOS Pain  72.59 16.77 82.06 17.34 <0.001 
KOOS Activities of Daily Living  76.47 15.39 83.43 16.46 <0.001 
KOOS Functional Sport and Recreation  42.05 27.39 53.76 28.36 <0.001 
KOOS Quality of Life  55.63 20.20 65.75 21.82 <0.001 
KOOS Symptoms  66.63 16.00 75.98 15.38 <0.001 
PCS Rumination  5.99 2.84 5.68 3.00 0.211 
PCS Magnification  3.77 1.56 3.82 1.64 0.737 
PCS Helplessness  7.90 3.01 7.94 3.45 0.895 
SF-12 Physical Function  38.88 10.40 41.51 10.70 0.004 
SF-12 Role Physical  42.15 9.34 45.52 9.69 <0.001 
SF-12 Bodily Pain  43.97 10.02 47.47 10.41 <0.001 
SF-12 General Health  50.93 8.60 51.02 9.01 0.901 
SF-12 Vitality  50.82 9.13 52.79 9.19 0.012 
SF-12 Social Function  50.53 8.49 51.55 8.19 0.153 
SF-12 Role Emotional  83.85 21.26 88.01 18.65 0.015 
SF-12 Mental Health  92.16 17.73 93.57 17.44 0.346 
UCLA Activity Score  5.12 1.65 5.69 1.75 <0.001 
*Variable presented as a frequency (percentage) not a mean; SD, standard deviation; KSS, Knee Society Knee Scoring System; 
KOOS, Knee Injury and Osteoarthritis Outcome Score; PCS, pain catastrophizing scale; SF-12, 12-Item Short Form Health Survey 
version 2; UCLA, University of California Los Angeles 
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Table 6.2. Variables included in the pooled index created from individual questionnaire item scores 
from the 3-months post-surgery Knee Injury and Osteoarthritis Outcome Score (KOOS).  

Variable-1 – Included individual item scores are summed to create a score ranging from 0-20 (Best to 
Worst).  

KOOS Pain subscale 

• P1. How often do you experience knee pain? (0-4)* 

• What amount of knee pain have you experienced the last week during the following 
activities? 

o P6. Going up or down stairs (0-4)* 
KOOS Activities of Daily Living subscale 

• For each of the following activities please indicate the degree of difficulty you have 
experienced in the last week due to your knee: 

o A3. Rising from sitting (0-4)* 
o A17. Light domestic duties (cooking, dusting, etc) (0-4)* 

KSS Met Expectations Subscale 

• Compared to what you expected before your knee replacement: 
o 3 – My expectations for being able to do my leisure, recreational or sports activities 

were… (0-4)* 
*Individual questions were scored from best (0) to worst (4); KOOS, Knee Injury and Osteoarthritis Outcome Score; KSS, 
Knee Society Knee Scoring System 

 
Table 6.3. Outcome measures using a cut point analysis maximizing 
accuracy and balancing sensitivity and specificity. AUC for the 
pooled index was 0.89 (0.825-0.941). 

Measure 
Cut Point Maximizing 

Accuracy 
Cut Point Balancing 

Sensitivity and Specificity 

Cut Point 12 10 
Accuracy 0.898 0.829 
Sensitivity 0.571 0.837 
Specificity 0.969 0.827 
Kappa 0.609 0.532 
LR+ 18.449 4.849 
LR- 0.442 0.197 
PPV 0.8 0.512 
NPV 0.912 0.959 
AUC, area under the curve; LR+, positive likelihood ratio; LR-, negative likelihood 
ratio; PPV, positive predictive value; NPV, negative predictive value 
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6.4 Discussion 

A pooled index with a cut point can be used to predict 1-year dissatisfaction at 3-months post-surgery. 

The AUC of the pooled index was 0.892 with a 95% confidence interval of 0.825-0.941 which is 

considered to be good discriminatory capacity. After testing multiple combinations of items, the optimal 

pooled index included five individual items from the KOOS and KSS. Due to its simplicity, this tool can be 

quickly administered, easily interpreted, and a prediction can be generated using only a pen and paper. 

This represents an easy and inexpensive way to accurately identify patients early in the recovery process 

who are likely to be dissatisfied at 1-year post-surgery. The identification of these patients at 3-months 

post-surgery may allow for targeted interventions that improve patient satisfaction to be employed 

before 1-year post-surgery where outcomes tend to be more fixed.  

 

When examining the cut point that maximized accuracy, there was a problem with low sensitivity, or 

difficulty identifying truly dissatisfied patients as dissatisfied. However, sensitivity can be improved by 

adjusting the cut point of the scale. Although, this comes at the expense of overall accuracy and 

specificity as demonstrated in table 6.3. The choice of cut point may depend on the priorities of the 

decision maker using the scale. For example, a decision maker may choose to maximize accuracy if an 

intervention that is being implemented is expensive and it is important that people do not receive the 

intervention unnecessarily. In contrast, if an intervention is inexpensive and can be more easily 

administered to a variety of patients, having a higher sensitivity score may be more important. In this 

situation, dissatisfied patients would be identified more accurately, but a larger number of patients 

would unnecessarily receive an intervention. 

 

The optimal pooled index in this study included five individual items from the KOOS and KSS 

questionnaires. The items were drawn from two different KOOS subscales (Pain and ADL) and one KSS 

subscale (Met Expectations). The items included in the pooled index addressed the pain, function and 

met expectations dimensions of satisfaction in some capacity. The ability for patients to perform specific 

activities at some sort of baseline level at 3-months post-surgery appears to be important in predicting 

dissatisfaction at 1-year post-surgery. Additionally, a patient’s met expectations with regards to their 

ability to perform sport and recreational activities appears to be an important component of predicting 

dissatisfaction. 
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Typically, a pooled index is used to evaluate a medical intervention or the outcome of treatment for a 

disease that has multiple clinically important disease manifestations or multiple different outcomes14. 

This type of tool appears to be well suited to predicting satisfaction, as satisfaction is a multifaceted 

evaluation by the patient of the success of their surgery. Using a pooled index in this context has several 

advantages. A pooled index avoids multiplicity or evaluating each outcome individually15. The condensed 

score that a pooled index creates can provide a common measure that allows the net effect of the 

treatment to be evaluated. Additionally, the creation of an index can reduce measurement noise or 

variance in the score15. However, it is not clear that there will be a reduction in variance in this case as a 

limited number of individual PROMs questions were used to create the index.  

 

Despite its strengths, there are some disadvantages to using a pooled index. A pooled index is not 

necessarily easily interpretable as it is a combination of potentially unrelated items15. However, as the 

purpose of this index is to be a prediction tool, interpretability is less of a concern. Additionally, the 

choice of weights or method of combining the variables is not always straightforward and it can be 

computationally difficult to calculate a score from a pooled index if variables are standardized or 

transformed15. In the case of this study, the transformation process was not difficult, and items were 

simply combined into a sum facilitating calculation of the score. 

 

This study had a number of limitations. The sample size was small, including only 275 patients. Because 

of this small sample size, it is difficult to have a high degree of confidence that the optimal items were 

selected for inclusion for a tool of this nature. Additionally, the pooled index used in this study has not 

been validated and its properties need to be investigated further. All items included in the pooled index 

have face validity as they have been pulled from the KOOS and KSS. However, the item scores were 

retrieved from a completed KOOS and KSS questionnaire and were not administered as a subscale. 

Patients may not answer the five questions included in the pooled index in the same way if these 

questions were asked in isolation.  

 

In conclusion, it appears that a small number of individual PROM questions can be used to generate a 

pooled index that accurately identifies patients likely to be dissatisfied at 1-year post-surgery early in the 

recovery process. It is possible that this type of measure could be used in conjunction with post-surgery 

interventions to maximize their effectiveness and improve patient satisfaction. 
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7 Can Met Expectations Moderate the Relationship Between 

Pain/Function and Satisfaction in Total Knee Arthroplasty? 

A version of this paper has been published: Munn JS, Culliton SE, Bryant DM, MacDonald SJ, Chesworth 

BM. Can Met Expectations Moderate the Relationship Between Pain/Function and Satisfaction in Total 

Knee Arthroplasty? The Journal of Arthroplasty. 2021;36(6):1942-6. 

 

7.1 Introduction 

Total knee arthroplasty (TKA) is a successful and effective treatment for end-stage osteoarthritis (OA). 

However, approximately 20% of patients report they are dissatisfied following surgery1.  

 

There has been substantial effort put into understanding what causes patient dissatisfaction and a wide 

variety of individual factors have been identified including: body mass index (BMI)2, age3, comorbidities4, 

mental health5, personality6, locus of control7, extended hospital stay3, met expectations3,8–12, pre-

surgery expectations11,13, quad strength14, walking distance14, joint pain2–4,10,14,15, and joint function2,4,5,14–

16. The most commonly found predictors of dissatisfaction are joint pain, joint function, and met 

expectations. 

 

Met expectations across many fields, including health care, are frequently discussed in relation to 

satisfaction through the expectation confirmation theory framework17. Expectation confirmation theory 

states that satisfaction and dissatisfaction, in this case with a surgical outcome, are a result of an 

individual’s expectations of surgery being met or unmet post-operatively. Within a medical context, a 

patient expectation has been defined as the anticipation that a specific event or outcome is likely to 

occur as a result of a medical intervention18. How closely the actual outcome matches the expected 

outcome would determine if a patient considers their expectations met or unmet17. Consequently, the 

greater the difference between the individual’s expected outcome and the actual outcome, the greater 

that individual’s dissatisfaction. This has been suggested as a model of satisfaction for TKA patients19. 

Interventions designed to modify a patient’s expectations have been attempted in order to improve 

patient satisfaction19,20. In these studies it is assumed that met expectations are actually measuring how 

closely a patient’s expectations match up with their actual condition9. This interpretation of a single met 

expectation question has been criticized. It has been argued that this is simply a different type of 
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performance question, that may not actually be measuring how closely expectations match up with 

actual outcomes21.  

 

If expectation confirmation theory is truly correct, then met expectations may represent a subjective 

threshold that indicates if a desired level of pain relief or functional activity has been achieved. This 

could be evaluated by treating met expectations as a moderating variable and analyzing the outcome. 

Moderation occurs when the relationship between two variables depends on a third. In the case of TKA 

satisfaction, this would mean that as a met expectations score increased it would be expected that pain 

and function variables would less strongly predict satisfaction for patients. The purpose of this study was 

to determine if met expectations significantly moderated the effect of pain and function variables on 

satisfaction.  

 

7.2 Methods 

7.2.1 Patients 

This was an observational cohort study in which patients were identified retrospectively from a 

randomized control trial (RCT) that evaluated the effects of an e-learning tool on patient expectations. 

The e-learning tool was found to have no effect on patient expectations or satisfaction19. As the RCT was 

not observed to have any effect on outcomes, it was considered acceptable to pool the treatment and 

control groups. Patients for the RCT were recruited from the pre-admission clinic of a large teaching 

hospital (University Hospital London, Ontario, Canada) over a 1-year period (April 2013 to April 2014).  

 

To be included in the initial RCT, patients were required to have been diagnosed with knee OA for a 

primary TKA, have the cognitive capacity to consent to participate, and be 20 years of age or older at the 

time of surgery. Patients undergoing a revision, hemi or unicondylar resurfacing, patellar resurfacing, 

high tibial osteotomy, or surgery to address tumors were excluded19. Patients were asked to complete 

questionnaires at pre-surgery, 6-weeks post-surgery, 3-months post-surgery, and 1-year post-surgery. 

Pre-surgery and follow up questionnaires were completed online and stored in a secured database. 

 

In order to be included in the analysis patients were required to have completed questionnaires at pre-

surgery and 1-year post-surgery. 
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The questionnaires included in the study were: The Knee Society Knee Scoring System (KSS; pre-

operative and post-operative versions)22, Knee Injury and Osteoarthritis Outcome Score (KOOS)23, the 

12-Item Short Form Health Survey version 2 (SF-12)24, the Hospital Anxiety and Depression Scale 

(HADS)25, the Pain Catastrophizing Scale (PCS)26, Self-Administered Comorbidity Questionnaire (SCQ)27 

and the University of California at Los Angeles (UCLA) Activity Score28.   

 

The met expectations score was measured using the KSS met expectations subscale. This subscale is 

comprised of three questions (pain relief, activities of daily living, and recreational or sports activities) 

that evaluate if a patient’s expectations before TKA were met post-operatively. More specifically, 

patients are asked to indicate if their pre-operative expectations were too high, just right, or too low. 

These response options (and scoring) are structured into the following five-point ordinal scale: Too High- 

"I'm a lot worse than I thought" (1), Too High- "I'm somewhat worse than I thought" (2), Just Right- "My 

expectations were met" (3), Too Low- "I'm somewhat better than I thought" (4) and Too Low- "I'm a lot 

better than I thought" (5). The scores for the individual items are then summed to create a total score 

ranging from 3-15 (worst to best). 

 

Satisfaction was measured using the KSS satisfaction subscale. This is a commonly used outcome 

measure in the TKA literature15. The KSS satisfaction subscale is one of the few TKA satisfaction 

measures with published validation information22,29. Although the new KSS scoring system was designed 

with the intention of limiting floor and ceiling effects, floor and ceiling effects have yet to be published 

for this subscale22. This subscale includes five questions that evaluate patient satisfaction with: pain 

while sitting, pain while lying in bed, knee function while getting out of bed, knee function while 

performing light household duties, and knee function while performing leisure and recreational 

activities. Patients were asked to rate their satisfaction state for each question using the following 

response options (and scoring): very dissatisfied (0), dissatisfied (2), neutral (4), satisfied (6) and very 

satisfied (8). The scores of the individual items were then summed into a total satisfaction score ranging 

from 0-40 (worst to best state).  

 

7.2.2 Statistical Analysis 

All statistical analysis was performed using R version 3.4.130. 
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Descriptive statistics were calculated for the sample and a correlation matrix and scatterplots for pairs 

of variables were examined.  

 

Data were analyzed using two separate linear regression models. Total satisfaction scores on the KSS 

satisfaction subscale were used as the dependent variable. In order to detect a moderating effect, an 

interaction term, (i.e. the product of two independent variables already included in the model) was 

added to each model. The two interaction terms were: met expectations with pain and met 

expectations with function. Therefore, separate models for pain and function were created using the 

KSS symptoms score for pain and KOOS activities of daily living (ADL) score for function. Values that 

were missing at random were imputed using regression imputation with the mice R package31. All values 

were standardized before any regression modeling took place. A backwards stepwise variable selection 

method was employed to determine significant predictors of satisfaction. An alpha<0.05 was used as the 

threshold of significance to retain terms in the model. Demographic information including age, sex, and 

BMI, as well as the pre-surgery expectations variable was included in the model even if these variables 

did not meet the alpha<0.05 significance threshold. These variables were included in order to ensure 

that any significant interactions could not be explained by these variables being absent from the model. 

Multicollinearity was assessed using the variance inflation factor (VIF) with the car R package32. VIF 

scores greater than 5 were considered as problematic. Goodness of fit was assessed using adjusted R2 

and root mean square error (RMSE). A 10-fold k-fold cross-validation was performed and a mean RMSE 

score was generated from the average of the 10 folds with the caret R package33. Robust standard errors 

were used to perform tests of significance in order to avoid bias in the linear regression estimators from 

heteroscedasticity34. 

 

 A simple slopes analysis35 was completed using the interactions R package for any significant interaction 

terms with met expectations treated as the moderating variable for both interactions36. A simple slopes 

analysis calculates how the effect of pain or function on satisfaction changes based on the patient’s met 

expectations score. In this case, the change in relationship between pain or function and satisfaction 

was calculated for met expectations scores at the mean and one standard deviation above and below  

the mean. 
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No sample size calculation was completed for this analysis as information about the strength of the 

interaction term would be required and to the best of the author’s knowledge this information is not 

available. 

 

7.3 Results 

A sample of 416 patients were initially recruited to participate in the RCT. Of the initial sample, 50 either 

did not undergo TKA or were missing measures from pre-admission. Of the remaining 366 eligible 

patients, 304 met the inclusion criteria for this study. 

 

Descriptive statistics for all patients’ outcome scores are included in table 7.1. Less than 1% of the data 

in the sample was found to be missing and was therefore imputed.  
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Table 7.1. Means and standard deviations of pre-surgery and 1-year post-surgery 
variables included in the data set. 

  Pre-Surgery 
1-Year Post-

Surgery 

 N=304 N=304 

Variable Mean/Frequency SD Mean SD 

Age 64.63 8.55   
Sex (Female)* 198 (65%)    
Body Mass Index 32.87 7.46   
Comorbidities 2.87 1.66   
KSS Symptoms 9.92 3.66 19.37 4.93 

KSS Patient Satisfaction 13.01 6.70 31.81 8.46 

KSS Patient Expectations 13.44 1.90 9.17 2.77 

KSS Walking Standing 4.71 4.15 21.30 8.36 

KSS Standard Activities 11.52 4.83 23.13 5.09 

KSS Advanced Activities 4.46 3.66 11.34 5.84 

KSS Discretionary Activities 5.19 3.01 11.25 3.09 

KOOS Pain 40.56 16.61 81.43 17.27 

KOOS Symptoms 43.18 20.38 75.45 16.97 

KOOS Stiffness 37.90 19.00 75.24 19.68 

KOOS Activities of Daily Living 45.72 17.70 82.70 16.55 
KOOS Functional Sport and 
Recreation 18.47 25.11 51.90 29.11 

KOOS Quality of Life 19.82 15.53 64.88 21.65 

SF-12 Physical Function  28.27 8.04 40.9 10.84 

SF-12 Role Physical 32.43 9.11 45.04 9.78 

SF-12 Bodily Pain  28.75 8.8 46.92 10.69 

SF-12 General Health  49.07 9.22 50.28 9.66 

SF-12 Vitality  46.61 10.1 52.11 9.59 

SF-12 Social Function 44.08 11.7 21.12 8.56 

SF-12 Role Emotional 71.57 27.24 87.09 19.52 

SF-12 Mental Health 84.43 20.48 92.97 17.88 
*The variable is represented as a frequency and not a mean with percentage of the sample included in 
brackets; SD, Standard Deviation; KSS, Knee Society Knee Scoring System; KOOS, Knee Injury and 
Osteoarthritis Outcome Score; SF-12, 12-Item Short Form Health Survey version 2 
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The regression models evaluating the interactions of KSS symptoms (pain) with KSS met expectations 

and of KOOS ADL with KSS met expectations can be found in table 7.2. Significant non interaction 

predictors of satisfaction in the models were: KSS symptoms (pain), KSS met expectations, pre-surgery 

KOOS ADL, KOOS ADL (function), BMI, and SF-12 general health. A significant interaction between KSS 

symptoms (pain) and KSS met patient expectations was detected with a p-value of 0.043. The 

interaction between KOOS ADL (function) and KSS met expectations was not found to be significant, but 

approached significance with a p-value of 0.086. When testing assumptions in the model, 

heteroscedasticity was observed. Therefore, robust standard errors were used for all individual item 

tests of significance in the analysis. VIF scores for both models indicated very little collinearity (table 

7.3.). 

  



107 
 

 

 

  

Table 7.2. Output for the linear regression models including each interaction. 
 Pain interaction  Function Interaction 

Predictors Estimates 
Confidence 

Interval 
P-Value Estimates 

Confidence 
Interval 

P-Value 

Intercept 31.91 31.40 – 32.52  31.92 31.35 – 32.49  

Age 0.34 0.06 – 0.87 0.154 0.34 -0.13 – 0.81 0.161 
Sex -0.09 -0.55 – 0.37 0.707 -0.09 -0.55 – 0.37 0.703 
Body Mass Index 0.59 0.09 – 1.10 0.024 0.59 0.08 – 1.11 0.025 
KSS Pre-Surgery Patient Expectations -0.31 -0.76 – 0.14 0.174 -0.32 -0.78 – 0.14 0.172 
KSS 1-Year Pain (Symptoms) 3.48 2.53 – 4.42 <0.001 3.73 2.83 – 4.64 <0.001 
KSS 1-Year Met Patient Expectations 1.51 0.96-2.06 <0.001 1.51 0.94 – 2.08 <0.001 
KOOS Pre-Surgery Activities of Daily 
Living 

-0.74 -1.23 – -0.24 0.003 -0.77 -1.27 – -0.28 0.002 

KOOS 1-Year Activities of Daily Living 3.03 2.17 – 3.90 <0.001 2.79 1.79 – 3.79 <0.001 

SF-12 1-Year General Health 0.74 0.22 – 1.26 0.005 0.76 0.24 – 1.29 0.005 
Interactions       

KSS 1-Year Met Patient Expectations * 
KSS 1-Year Symptoms 

-0.53 -1.04 – -0.02 0.043    

KSS 1-Year Met Patient Expectations * 
KOOS 1-Year Activities of Daily Living 

   -0.49 -1.04 – 0.07 0.086 

Observations 304 304 
Adjusted R2 0.786 0.784 
RMSE 3.98 4.01 
RMSE, root mean square error; KSS, Knee Society Knee Scoring System; KOOS, Knee Injury and Osteoarthritis Outcome Score; SF-12, 12-Item Short 
Form Health Survey version 2 
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Table 7.3. VIF values for the pain and function interaction models. 

Predictors 
Pain 

Interaction 
Model 

Function 
Interaction 

Model 

Age 1.20 1.20 
Sex 1.29 1.29 
Body Mass Index 1.08 1.09 
KSS Pre-Surgery Patient Expectations 1.12 1.13 
KSS 1-Year Pain (Symptoms) 3.40 3.08 
KSS 1-Year Met Patient Expectations 1.74 1.77 
KOOS Pre-Surgery Activities of Daily 
Living 

1.43 1.42 

KOOS 1-Year Activities of Daily Living 3.43 4.29 

SF-12 1-Year General Health 1.30 1.31 
KSS 1-Year Met Patient Expectations * 
KSS 1-Year Symptoms 

1.55  

KSS 1-Year Met Patient Expectations * 
KOOS 1-Year Activities of Daily Living 

 1.80 

KSS, Knee Society Knee Scoring System; KOOS, Knee Injury and Osteoarthritis Outcome 
Score; SF-12, 12-Item Short Form Health Survey version 2 
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The interaction between KSS symptoms (pain) and KSS met expectations was found to be in the negative 

direction. This means that as KSS met expectations increase, the beta estimate for KSS symptoms (pain) 

decreases. This is demonstrated in the simple slopes analysis included in table 7.4. For a met 

expectations score one standard deviation below the mean, the beta estimate for the KSS symptoms 

(pain) variable is 4.01. For a met expectations score at the mean, the beta estimate is 3.48. Lastly, for a 

met expectations score one standard deviation above the mean, the beta estimate is 2.95.  
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Table 7.4. Simple slopes analysis for the symptoms (KSS) and 1-year met 
expectations (KSS) interaction variable in the regression model in table 7.2. 

KSS 1-Year Symptoms 
Slope Estimate 

KSS 1-Year Met 
Patient Expectations 
Standard Deviations 

Standard 
Error T-Value P-Value 

4.01 -1 0.40 9.81 <0.001 
3.48 0 0.41 8.27 <0.001 
2.95 1 0.52 5.48 <0.001 

KSS, Knee Society Knee Scoring System 
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Although not found to be significant the KOOS ADL and KSS met expectations interaction was also found 

to be in the negative direction. As this interaction was not found to be significant a simple slopes 

analysis was not completed. 

 

7.4 Discussion 

Our study has demonstrated that met expectations can act as a moderator for the relationship between 

pain and satisfaction. Met expectations significantly affect how strongly a pain variable predicts patient 

satisfaction. The KOOS ADL (function) interaction was not found to be significant, but approached 

significance with a p-value of 0.086. The interaction means that the magnitude of the relationship 

between pain and satisfaction is conditional upon the met expectations score. For a met expectations 

score that is lower, say one standard deviation below the mean, the slope for the relationship between 

pain and satisfaction is 4.01. This means that for a one-unit improvement in pain the satisfaction score 

will be predicted to increase 4.01 units. For a met expectations score that is higher, say one standard 

deviation above the mean, the slope for the relationship between pain and satisfaction is 2.95. This 

means that for a one-unit improvement in pain the satisfaction score will be predicted to increase by 

2.95 units. In other words, as met expectations scores increase, further improvements in pain become 

less important for improving satisfaction. 

 

In terms of clinical application, this model appears to be capturing that patients who have met or 

exceeded their expected level of pain relief, do not value pain relief as much as patients who have not 

achieved their expected level of pain relief. If this is correct, then this would indicate that expectations 

being met represents a subjective threshold for pain scores that the patient would like to achieve. We 

wonder if this change in importance of pain relief is what surgeons see clinically, which would reinforce 

the importance to patients and surgeons of realistic expectations.  

 

It is unclear if other variables become more important to patient satisfaction as met expectations 

increase and pain relief becomes less important. Although only approaching significance, the function 

interaction is in the same negative direction as the pain interaction. This indicates that it is unlikely that 

function is valued more by patients as met expectations increase and pain relief becomes less 

important. However, the function variable that was used was the KOOS ADL subscale. It is possible that 

a different relationship could be observed with met expectations and recreational activities, although 

that was not assessed in this study. 
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The interpretation of the model that has been presented is predicated on the met expectation variable 

actually representing a met expectation. If the met expectation variable is not actually measuring met 

expectations, but some other subjective measure of performance, this does not change the 

interpretation of the interaction term. This remains a subjective evaluation of performance and met 

expectations appear to be capturing some important performance threshold.  

 

This analysis made use of standardized variables in the regression analyses in order to test for 

interactions. Standardized variables have not typically been used in the TKA literature. This approach has 

several advantages. Testing for interactions using standardized variables avoids high levels of 

multicollinearity. A second benefit of this approach is it facilitates comparison of variables in the model 

because all variables are on the same scale. 

 

There were a number of limitations in this paper. The comorbidity measure used in this analysis was 

crude and the study did not examine individual comorbidities. A subset of the patients were also part of 

an intervention to adjust patient expectations. However, the original analysis showed there was no 

significant treatment effect19. The sample size of this study was only 304 patients and this was 

potentially not large enough to detect all predictors.  Some of the patients in this study were younger, 

potentially affecting satisfaction rate. The study did not collect data on patients past 1-year post-

operative. Future satisfaction studies should examine longer time horizons. Additionally, despite low VIF 

scores there is still the possibility of collinearity in the interaction models. The patient satisfaction 

variable for TKA was skewed, with more patients at the higher, or more satisfied, end of the scale. In this 

instance, using the skewed satisfaction variable was considered preferable to converting patient 

satisfaction to a categorical variable and thereby losing information. 

 

In conclusion met expectations have been found to moderate the relationship between pain and 

satisfaction. This finding indicates a more complex relationship between satisfaction, met expectations 

and pain variables. This relationship needs to be examined in further detail in order to better 

understand the role of met expectations as a moderating variable. What a met expectation score is 

actually measuring must also be better understood in order to adequately study the relationship 

between met expectations and satisfaction.  
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8 Discussion 

8.1 Introduction 

Dissatisfaction following total knee arthroplasty (TKA) remains a persistent problem. This dissertation 

aimed to investigate strategies to improve TKA dissatisfaction. Of the four studies completed, three 

investigated the pre-surgery and early post-surgery identification of dissatisfied patients. The fourth 

study attempted to better understand the met expectations variable. These studies were informed by 

the conceptual framework of TKA satisfaction outlined in the introduction (section 1.4). 

 

8.2 Summary of Study Results 

8.2.1 Study 1 (Chapter 4) 

The first study (chapter 4) showed that logistic regression and machine learning models cannot 

discriminate between satisfied and dissatisfied patients in a clinically useful manner when using only 

pre-surgery and surgical explanatory variables. This study (chapter 4) is the first to include patient 

reported outcome measures (PROMs) in machine learning prediction models. Additionally, no 

satisfaction prediction models that make use of machine learning have been created using Canadian 

data. Despite acceptable area under the curve (AUC) values, when maximizing accuracy, the models only 

marginally outperformed the no information rate. However, the models’ calibration performance was 

more promising and could be an avenue for exploration. In order to improve model performance and 

fully leverage the value of machine learning models, a wider array of explanatory variables and 

analytical techniques need to be investigated. It should also be acknowledged that there may be no 

reasonable way to accurately predict 1-year post-surgery dissatisfaction using pre-surgery variables 

alone. 

 

8.2.2 Study 2 (Chapter 5) 

The second study (chapter 5) demonstrated that TKA satisfaction can be predicted using pre-surgery and 

3-month post-surgery explanatory variables with both logistic regression and classification trees.  This 

means that it is feasible to identify patients early in the recovery process who are likely to be dissatisfied 

at 1-year post-surgery.  This could allow for the implementation of targeted interventions. The 

classification tree has advantages in interpretability and simplicity over the logistic regression model and 

would be easier to transport to a clinical setting. In both models, the activities of daily living (ADL) Knee 
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Injury and Osteoarthritis Outcome Score (KOOS) variable was found to be an extremely important 

predictor of dissatisfaction.  

 

8.2.3 Study 3 (Chapter 6) 

The third study (chapter 6) showed that a pooled index using five individual questionnaire items from 

the 3-month post-surgery KOOS and Knee Society Knee Scoring System (KSS) questionnaires can predict 

1-year post-surgery dissatisfaction. The five items included in this index were summed together to 

create an overall score that showed a strong ability to discriminate between satisfied and dissatisfied 

patients across a variety of cut points. The discriminatory capacity of the pooled index, paired with the 

simplicity of administration of this prediction model, means that it would be extremely easy to transport 

to a clinical setting. 

 

8.2.4 Study 4 (Chapter 7) 

The fourth study (chapter 7) demonstrated that met expectations moderated the relationship between 

pain and satisfaction. As met expectations scores increased, pain was found to become less important 

for improving satisfaction. The met expectations measure appears to be an important subjective 

threshold of performance for patients. Interventions geared towards unmet expectations may be 

effective in improving satisfaction. 

 

8.3 Satisfaction Improvement Methods 

Outside of surgical improvements, there are two possible ways to reduce the number of dissatisfied TKA 

patients. The first is by identifying dissatisfied patients pre-surgery. If patients can be identified pre-

surgery, then surgeons can inform patients about their risk of dissatisfaction and a more informed 

decision can be made about proceeding with surgery. The second strategy is to implement interventions 

to improve satisfaction. Identifying dissatisfied patients post-surgery as targets for intervention during 

recovery, could help improve the efficacy of those interventions and by association reduce TKA 

dissatisfaction at 1-year postoperative.  
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8.4 Predicting Dissatisfaction 

8.4.1 Assessing the Performance of a TKA Clinical Prediction Model 

When determining if a model is clinically useful, there are several factors that must be considered: the 

time point of the prediction (pre-surgery/post-surgery), the intended use of the model, and the decision 

makers’ priorities1,2. These factors are not necessarily statistical questions and fall outside of traditional 

quantitative prediction model evaluation metrics. However, these factors will influence the assessment 

of the prediction model, as they will inform how well the model needs to perform quantitatively to be 

considered clinically useful.  

 

8.4.1.1 Time Point of the Prediction (Pre-Surgery/Post-Surgery) 

The time point at which the prediction is made will influence the assessment of model clinical utility. A 

model that is used pre-surgery will be employed to help decide if a patient should proceed with surgery 

or not. A model that is identifying patients early in the recovery process will be used to help determine if 

a patient should receive a post-surgery intervention or not. The consequences of the decision that the 

model is intended to make or to inform will influence the way in which the model is used and how 

model performance is evaluated.  

 

8.4.1.2 Intended Use 

A model can be employed as a decision tool that is meant to discriminate between satisfied and 

dissatisfied patients, or it can be used to provide probabilistic information that a surgeon and patient 

will then factor into their decision about surgery. Intended model use will determine what metrics are 

prioritized when evaluating model performance. In the TKA literature, models have typically focused on 

discriminatory performance; however, it has been argued by Harrell1 that there is significant value in 

using clinical prediction models in a probabilistic fashion. For example, a model produces a probability of 

dissatisfaction for a given patient. Then that probability is factored into the surgeon and patient’s 

decision about whether or not to proceed with surgery. 

 

8.4.1.2.1 Discriminatory Approach 

Medical prediction models are usually used in a discriminatory capacity2. This is advantageous as the 

model provides a clear decision about what action should be taken. However, establishing a decision 

threshold to determine if a patient is satisfied or dissatisfied is not necessarily straightforward. The costs 
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of the decision and priorities of the decision maker must be factored in when determining how a 

prediction model will be used to make a decision2. 

 

8.4.1.2.1.1 Decision Maker Priorities  

When evaluating discriminatory performance of a prediction model, it is not as straightforward as 

evaluating accuracy, sensitivity, or specificity. The outcome that is prioritized by the decision maker 

must also be considered. For example, a surgeon could consider a false positive (incorrectly predicting 

that a satisfied patient will be dissatisfied) as more consequential than a false negative (incorrectly 

predicting that a dissatisfied patient will be satisfied). This weighting of prediction outcomes can be 

quantified by associating a cost with true positive, false positive, true negative, and false negative 

outcomes. Costs can include economic costs, the harm caused by providing a treatment that does not 

benefit the patient, or the harm caused by not providing treatment to a patient who will benefit.  

 

Within the context of dissatisfaction, calculating or quantifying these costs can be difficult. It is not 

always clear that a patient who is dissatisfied has been harmed or has not received a benefit from 

undergoing TKA. This is supported by Bourne3 who found that 62.4% of dissatisfied TKA patients would 

undergo surgery again, with 18% unsure, and 19.6% stating they would not undergo surgery again. It 

would seem unlikely that dissatisfied patients who have not received some benefit from surgery would 

want to undergo surgery again. This ambiguity can make assessing model usefulness particularly 

complex for dissatisfaction prediction models. 

 

8.4.1.2.2 Probabilistic Approach 

Using the probabilities generated by prediction models to inform patients and surgeons about the 

probability that a patient will be dissatisfied is an alternative approach to using models in a 

discriminatory capacity. Although it does not provide a clear decision about surgery, there are several 

advantages to using prediction models probabilistically1. This allows decisions to be tailored to patients 

instead of establishing thresholds that are applied universally. For example, more active and less active 

patients may have different costs associated with their surgery. A final advantage of a probabilistic 

approach is that this information could function as its own intervention by providing patients with a 

realistic understanding of their postoperative chances of dissatisfaction before undergoing surgery. 
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8.4.2 Thesis Prediction Models’ Clinical Utility 

8.4.2.1 Pre-surgery Prediction Model Performance (Study 1 Chapter 4) 

The first study (chapter 4) in this thesis aimed to create prediction models that could identify dissatisfied 

patients before surgery has taken place. Despite the current ambiguity surrounding the necessary 

performance of a prediction model, clinically useful discrimination performance in study 1 (Chapter 4) 

was defined as outperforming the no information rate, as well as conveying a high degree of certainty 

that a patient predicted as dissatisfied will be dissatisfied. No clear performance thresholds were 

established for calibration metrics.  

 

Study 1 (chapter 4) found pre-surgery prediction models only marginally outperformed the no 

information rate and failed to convey a high degree of certainty that a dissatisfied patient will be 

dissatisfied. Additionally, the AUC scores calculated for the models created by this study perform slightly 

worse than what has been reported by Kunze4 and Farooq5.  

 

The models in study 1 (chapter 4) did show some ability to generate accurate probabilities that a patient 

will be dissatisfied. Despite the more promising calibration scores, they were still not optimal and would 

most likely not be useful in helping patients and surgeons make decisions about whether or not to 

undergo surgery.  

 

8.4.2.2 Early Post-Surgery Prediction Model Performance (Study 2 and 3 Chapters 5 and 6) 

If patients cannot be identified pre-surgery, then satisfaction must be improved through post-surgery 

interventions. At present, interventions aimed to improve TKA dissatisfaction have had mixed results 

(section 2.4). An important part of improving the performance of these interventions could be the 

identification of dissatisfied patients early in the recovery process.  

 

The second (chapter 5) and third (chapter 6) studies in this thesis aimed to create prediction models that 

could identify dissatisfied patients early in the recovery process (e.g. at 3-months postoperative). To 

evaluate clinical utility of these models and to assess the costs of a decision, the details of a specific 

intervention would be required. However, regardless of the intervention, it is likely that these models 

could be considered clinically useful if they show strong discriminatory capacity. As these models will be 

deciding if a patient should receive an intervention and are occurring post-surgery, it was considered 

less harmful if predictions were incorrect. This was because there is no scenario where a model can 
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influence a decision about surgery and potentially persuade a patient who would benefit not to undergo 

surgery. 

 

Simplicity and ease of administration are an additional consideration for clinical usefulness of early post-

surgery prediction models. Because the decision is being made post-surgery, it could be considered less 

consequential than the decision made by a pre-surgery prediction model. It was thought that more 

complex and expensive-to-implement models would be far less likely to be used.  

 

The second study (chapter 5) in this thesis demonstrated strong discriminatory capacity particularly for 

the logistic regression model. Patients dissatisfied at 1-year post-surgery can accurately be identified at 

3-months post-surgery. The third study (chapter 6) in this thesis expanded upon that finding by creating 

a simple to implement pooled index that included five items from commonly used patient reported 

outcome measures. This model showed strong discriminatory capacity across a wide variety of cut 

points and appeared as if it could be clinically useful. The pooled index model is likely preferrable to the 

logistic regression and classification tree models as it performed similarly to these models while being 

substantially simpler than the logistic regression model and much more flexible than the classification 

tree. To implement the logistic regression model in a clinical setting, patients would be required to fill 

out multiple questionnaires and a computer would be needed generate a prediction. The classification 

tree can be scored by hand, but the thresholds for this model are fixed. This means that the priority of 

the decision maker cannot be factored in while using this model. The pooled index addresses these 

issues by being simple enough to score with a pen and paper, while also allowing priorities of the 

decision maker to be factored in, as the cut point of the index can be easily adjusted. The models 

created in studies 2 and 3 (chapters 5 and 6) had substantially higher AUC scores than the univariate 

logistic regression models reported by Goh6 which used 6-month post-surgery data to predict 

dissatisfaction at 2-years post-surgery. 

 

Not only could the early identification of dissatisfied patients allow for these individuals to be targeted 

for specific interventions, but these models could also provide information on functional milestones that 

are likely necessary for long term satisfaction. For example, if patients cannot adequately perform ADL 

at 3-months post-surgery, they are unlikely to be satisfied at 1-year post-surgery. Identifying and 

targeting patients who will be dissatisfied early in the recovery process is a feasible undertaking. 
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8.5 Met Expectations and Post-Surgery Interventions 

Studies that have implemented met expectations interventions to improve satisfaction have had mixed 

results7–9. These differences can partly be attributed to mode of delivery and content of the 

intervention. However, these inconsistencies also highlight that the met expectations variable may not 

be that well understood10,11. A definition of met expectations is rarely provided in the literature. The 

fourth study (chapter 7) in this thesis aimed to examine met expectations in greater detail in order to 

better understand how met expectations relate to pain, function, and satisfaction. This study found that 

met expectations represent an important subjective threshold for patients. Although further 

investigation of the met expectations variable is required, this may indicate that dissatisfaction 

interventions should be directed towards areas where patient expectations are unmet and may be 

modifiable. 

 

8.6 Implications for Clinicians and Researchers 

Implications for both researchers and surgeons can be drawn from the studies included in this 

dissertation. The findings from study 1 suggest that pre-surgery TKA dissatisfaction cannot be predicted 

using explanatory variables that can be considered as a standard part of a pre-surgery assessment. Study 

2 and study 3 indicate that not only are post-surgery detection models able to discriminate well, but 

they can be easily transported to a clinical setting and implemented using only a pen and paper. 

Additionally, both of these studies identified functional milestones that a patient will likely need to meet 

at 3-months post-surgery in order to be satisfied at 1-year post-surgery. Lastly, study 4 found that 

unmet expectations represent important subjective thresholds of performance. Targeting unmet 

expectations may be a fruitful avenue for intervention, either through educational programs or 

physiotherapy. 

 

8.7 Limitations 

The studies in this dissertation had several limitations. First, all studies in this thesis were secondary 

data analyses. However, all data were prospectively collected and dissatisfaction rates were similar to 

those reported in the literature. Second, all studies in this analysis examined satisfaction at 1-year post-

surgery and it has been suggested that 2-years should be the minimum follow up time. However, a 1-

year post-surgery follow up time is frequently used in the literature and Ramkumar12 found that there 

were no significant differences between 1 and 2-year post-surgery outcomes for arthroplasty patients. 
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Third, sample size may also have been problematic for all of the studies. Although study 1 used a fairly 

large sample size to predict 1-year post-surgery dissatisfaction using pre-surgery variables, this sample 

may still be too small to maximize the advantages of machine learning models13. For studies 2, 3, and 4, 

small sample sizes were used, and this work likely needs to be replicated with a larger sample to have 

confidence in the predictors identified and models created. In study 2, sample size was particularly 

problematic as the number of dissatisfied patients artificially constrained the number of predictors that 

could be included in the model, affecting the conclusions that can be drawn14. Lastly, for study 4, the KSS 

continuous satisfaction scale was used. This scale suffers from ceiling effects which can have an affect 

on the interpretation of the models. However, as this study was geared to better understanding the 

relationship between met expectations and satisfaction, it was considered more desirable not to lose 

information by dichotomizing the satisfaction variable. 

 

8.8 Recommendations for Future Directions 

Further investigation of untested explanatory variables and new analytical techniques is required to 

improve the ability to detect dissatisfied patients either pre-surgery or early in the recovery process. 

Additionally, the met expectations variable and its relationship with satisfaction is still not well 

understood and must be further investigated. 

 

There are a number of analytical techniques and pre-surgery variables that remain uninvestigated in the 

TKA dissatisfaction literature. This is particularly true when employing machine learning methods. 

Natural language processing (NLP) is a type of machine learning that can process text and be used to 

predict an outcome. NLP has previously been used in conjunction with clinical notes in a number of 

different scenarios to predict health outcomes, including the automated detection of periprosthetic 

infections following total joint arthroplasty15. Image recognition models using radiographic data could 

also be employed to determine if dissatisfaction can be predicted using radiographic information. This 

has been used to automate the detection of loosening implants for TKA patients16. 

 

There are a number of PROMs that have not been sufficiently investigated that could potentially 

improve the performance of prediction models. This could include determining what a patient would 

define as a successful outcome for their surgery or the identification of activities that the patient would 

consider important or that they are particularly motivated to perform. For example, a modified KSS 

discretionary activities score could also include a question that evaluates the importance of the activity. 
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Additionally, psychological predictors have not been investigated in great detail in the TKA literature 

including personality, locus of control, social support, and financial well-being17–19.  

 

A discussion to determine how well a model must perform to be considered clinically useful is also 

required to determine how successful these models are. In association with this evaluation, establishing 

the costs associated with accurately identifying and misidentifying dissatisfied patients is required to 

assess model performance more concretely.  

 

8.9 Conclusions 

This thesis determined that neither logistic regression nor machine learning methods can discriminate 

between satisfied and dissatisfied patients using commonly measured pre-surgery and surgical 

variables. However, patients likely to be dissatisfied at 1-year post-surgery can be identified at 3-months 

post-surgery and this can be done using a prediction tool that is simple enough to administer with a pen 

and paper. Lastly, this dissertation found that met expectations represent an important subjective 

performance threshold for patients and it may be reasonable to target unmet expectations to improve 

satisfaction. 
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Appendix A – Post Hoc Sample Size Considerations 

The sample size calculations used in this appendix require information about the sample that was not 

available before completing the analysis. These calculations were performed to determine if samples 

used in this thesis were appropriate. 

 

Study 1 

Necessary sample size for the logistic regression model was calculated as 1194 using Riley1 method. For 

the machine learning models, no explicit sample size calculation was completed. There generally are not 

clear discrete methods for calculating sample size for machine learning methods. Necessary sample size 

is typically considered to be problem specific. Ogink2 found that a median sample of 625.5 was used to 

predict patient reported outcome measures. The sample size of 1450 was considered as likely to be 

sufficient. 

 

Study 2 

Necessary sample size for the pre-surgery logistic regression model was calculated as 478. Necessary 

sample size for the pre-surgery and 3-month post-surgery logistic regression model was calculated as 

311. Logistic regression sample sizes were calculated using Riley1 method. Necessary sample size was 

not calculated for the classification tree model. A heuristic requiring at least 20 observations per node 

was used to prevent overfitting. The sample size of 275 was considered as slightly smaller than what 

would be considered ideal. 

 

Study 3 

Sample size requirement information was not calculated for the pooled index as information about 

necessary sample size for evaluating the predictive quality of a pooled index is not available.  

 

Study 4 

Sample size required to determine if the interaction can be detected with a power of 0.8 was calculated 

as 455 using Shieh’s3 method. Using a sample size of 304, this study had a power of 0.64 to detect the 

reported interaction. 
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Appendix B – Data Quality Considerations 

Two data sets were used in this thesis. Data sets made use of well validated questionnaires. Data checks 

were included to prevent incorrect response options from being recorded. Study 1 was paper based 

collection. During transcription, electronic data checks were included to prevent incorrect response 

options from being recorded. Study 2, 3, and 4 data collection was electronic. Patients could not input a 

response option outside of the correct range of responses. All questionnaire scores were calculated 

using algorithms (i.e. not by hand) to avoid errors. 

 

Sex, age, and body mass index (BMI) were compared between data sets. Additionally, respondents and 

non respondents within each data set were compared to determine if there were differences between 

patients. Lastly, the sample was compared to data taken from the Canadian Joint Replacement Registry1. 

 
Table B.1. Means and standard deviations of age, body mass index, and gender for all available respondents and 
respondents included in data sets used in this thesis.  

 

Canadian 
Joint 

Replacement 
Registry 

(2017-2018) 
Study 1 All 

Respondents 

Respondents 
Included in 

Study 1 
Analysis 

Study 2, 3, and 
4 All 

Respondents 

Respondents 
Included in 

Study 2 and 3 
Analysis 

Respondents 
Included in 

Study 4 
Analysis 

 
 

n=3000 n=1432 n=342 n=275 n=304 

Variable 
Mean 

Mean SD Mean SD Mean SD Mean SD Mean SD 

Age 68.3 67.28 9.69 66.75 9.75 64.31 8.53 64.65 8.45 64.63 8.55 

BMI NA 33.32 7.41 33.43 7.47 33.00 7.52 32.97 7.45 32.87 7.47 
Gender 
(female) 0.61 0.64  0.65  0.65  0.64  0.65  
BMI, body mass index 
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Appendix E – R Packages Used for Each Study 

Study 1 

car1, caret2, DMwR23, e17014, gbm5, GLMnet6, keras7, pROC8, randomForest9, rms10, and xgboost11 

 

Study 2 

bootStepAIC12, car1, caret2, DMwR23, ggplot213, pROC8, rms10, and rpart14 

 

Study 3 

cutpointr, DMwR23, and pROC8 

 

Study 4 

car1, caret2, interactions15, and mice16 
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