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Abstract 

End-stage ankle arthritis (ESAA) is a debilitating condition that negatively affects 

patients’ health-related quality of life (HRQoL). If patients fail conservative treatment, they are 

treated with ankle arthrodesis (AA) or total ankle replacement (TAR). These surgical procedures 

have been associated with changes in general and ankle-specific HRQoL. However, there is little 

understanding of how these treatments affect other aspects of HRQoL, such as depression 

symptoms and pain, or whether these changes are meaningful to patients.  

 This thesis is based on a cohort of prospectively recruited patients treated with AA or 

TAR for their ESAA. This thesis aims to 1) measure changes in aspects of HRQoL that have not 

been previously investigated, such as depression symptoms and pain, 2) determine if changes in 

HRQoL over the peri-operative period are meaningful to patients, and 3) determine the effects of 

potentially modifiable health-system factors, such as wait times and utilization of post-operative 

physiotherapy, on patients’ changes in HRQoL.  

 Out of 190 eligible patients, 89 were included in the analysis. Participants with the worst 

pre-operative HRQoL experienced the largest changes. Changes in ankle-specific HRQoL were 

correlated with changes in pain and depression symptoms. The effects of wait times and post-

operative physiotherapy on changes in HRQoL were found to be minimal. However, while most 

participants saw statistically significant changes in all aspects of HRQoL that were measured, not 

all participants found these changes to be meaningful. More research is required to understand 

why certain ESAA patients treated with AA and TAR do not see meaningful changes to aspects 

of their HRQoL.   
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Lay Summary 

End-stage ankle arthritis is a condition associated with very poor health. Failing medical 

management, patients with this condition are surgically treated with either ankle arthrodesis or 

total ankle replacement. These procedures are known to improve aspects of patients’ health, 

including ankle mobility and function. However, it is unclear if other aspects of patients’ health, 

such as pain and depression, improve after surgery, and if these improvements translate to 

changes that patients really notice. Additionally, there is uncertainty regarding the effects of 

waiting for surgery and physiotherapy on these improvements. 

This thesis investigates how different aspects of end-stage ankle arthritis patients’ health-

related quality of life improve following treatment by ankle arthrodesis and total ankle 

replacement.  

It was found that almost all patients saw improvement in some aspects of HRQoL, and 

that waiting for surgery and physiotherapy had little effect on these improvements. However, 

many of the improvements may not have been meaningful to patients. 
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Chapter 1: Introduction 

1.1 End Stage Ankle Arthritis 

End stage ankle arthritis (ESAA) is a degenerative condition of the ankle’s tibiotalar joint 

resulting from cartilage damage (1). Although the ankle joint is subject to more force per square 

centimeter and is injured more often than other joints in the body (2), ankle arthritis is less 

prevalent than arthritis of other major joints. Compared to arthritis of the knee, with a prevalence 

of between 27% and 44% (3), ankle arthritis is estimated to have a prevalence 1/8 to 1/10 of knee 

arthritis (4–6). Unlike the hip or knee, ankle joints are rarely affected by primary osteoarthritis 

(7). Instead, previous ankle trauma is the most common origin of ankle arthritis (5,8–10), with 

some studies finding nearly 80% of all ESAA are attributable to previous ankle injuries or 

trauma (7,9,11). These injuries include fractures of the ankle, pilon, tibia, fibula, and talus or soft 

tissue injuries such as sprains, dislocations, or persistent ankle instability (4). The latency, or 

time, between injury and development of ankle arthritis is thought to range from 12 and 22 years 

(12,13). Primary osteoarthritis and rheumatoid arthritis can also give rise to ESAA (14), but at a 

much lower rate than ESAA following ankle injury.  

Risk factors for ESAA, such as obesity, age, low muscle strength or low neuromuscular 

control, alter the biomechanics of the ankle joint or directly damage ankle cartilage (7,13).  

ESAA symptoms include general or localized pain, stiffness, or decrease in range of motion of 

the tibiotalar joint in the affected ankle (7). A series of weight-bearing (i.e., while the ankle is 

under weight) radiographs are used to determine the severity of ESAA. Computed tomography 

or magnetic resonance imaging can also be utilized for improved specificity and sensitivity of 

ESAA detection (7,15).  
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1.1.1 Non-Surgical Treatment 

For patients with ESAA, conservative treatments are exhausted prior to proceeding with 

invasive surgery. One of the most common conservative treatments is the use of a functional 

orthotic (16), a device meant to be inserted into the shoe to alter the motion or position of the 

foot. For patients with ESAA, orthotics are meant to change alignment within the ankle or 

hindfoot in order to shift the loading pressure on the joint (16). Braces, devices worn around the 

ankle, are used in situations where orthotics have not been successful or are inappropriate and 

can either be purchased off-the-shelf or custom-made for the patient.  

A variety of pharmacologic interventions are also available, including acetaminophen and 

other over-the-counter medications. The injection of corticosteroids into the affected area can be 

used to decrease inflammation and pain. Biological or ‘regenerative’ interventions, such as 

injections of platelet-rich plasma, amnion, or hyaluronic acid (16,17) may also be recommended.  

Patients are also encouraged to modify or stop vigorous activities entirely (2), although 

this may not be desirable for some patients.  

 

1.1.2 Ankle Arthrodesis 

Ankle arthrodesis (AA), also known as ankle fusion, has long been considered the gold-

standard for ESAA treatment (14,18,19). In this procedure, the bones of the ankle are fused into 

one piece, limiting the pain-inducing ankle movement attributable to ESAA (20). This is done by 

removing cartilage present in the space between the bones. The bones are then compressed 

together, allowing new bone to grow across the joint similar to a fracture healing process (21). 

Two or more screws are used to maintain compression of the ankle to ensure that bone grows 

across the joint (20,22).  
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Arthrodesis of the ankle was first performed in the 1900s as a method to stabilize the 

ankle and foot (14). A variety of arthrodesis techniques have emerged since the procedure’s 

introduction, including external fixation (attachment of hardware outside of the body) (14), 

internal fixation (23), and arthroscopic approaches (14). The choice of technique is dictated by 

the surgeon’s comfort, previous hardware installed in the patient, and the condition of soft tissue 

surrounding the operating site (19,24).  

There are several indications for AA. Patients should have severe ankle pain that 

interferes with their ability to stand or walk and should have failed conservative treatment for at 

least three months. Additionally, AA can be recommended after a failure of a total ankle 

replacement following removal of previous hardware (25,26). AA is avoided in children and 

adolescents with open growth plates (14). Other contra-indications include active infection, 

insufficient vascular supply, and inadequate soft tissue envelope, conditions that negatively 

impact the wound’s ability to heal (14,24).  

The direct costs attributable to AA are significant, but lower than other major joint 

surgeries. The estimated total direct costs of AA in 2013 in the US were $16,754 USD, while the 

combination of direct and indirect costs (due to missed work) amounted to $37,368 (27). In 

Canada, when considering the costs attributable to operating room time, hospital stay, surgeon 

billing, and implant cost, AA was found to have a much lower average cost than total ankle 

replacement (TAR), total hip replacements, or total knee replacements with a total cost of 

approximately $5,500 in Canadian dollars (2006). Approximately $442 of this was due to 

surgeon billing and $1200 due to the cost of hardware (i.e., screws and plates) (28).  

 Union rate, or the percentage of patients who achieve a successful union of the bones of 

the tibiotalar joint, is a common clinical outcome measure that is used to assess success of AA 
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(20,22,29). Union rate is approximately 90% (ranging from 82% to 100%) (29–31). Patients with 

non-unions often undergo revision AA surgery to achieve union, or below-the knee amputations 

if the ankle site is chronically infected (14). Other complications following AA include 

infections, damage to nerves, bleeding, blood clots, misalignment, new arthritis in nearby joints 

(14).  

 

1.1.3 Total Ankle Replacement 

The goal of total ankle replacement (TAR) is to restore ankle function while retaining 

motion of the ankle and reducing pain (32,33). This is done by replacing some or all surfaces of 

the ankle joint with prosthetic components. TAR was seen as an alternative to AA that, when 

successful, would provide additional range of motion for patients (18,33). First generation 

replacements were developed in the 1970s (32,34). These first-generation prostheses had a 

variety of problems; many were irrationally designed, limited in size, and did not account for the 

mechanics of the ankle joint (32). At first, studies that investigated the use of these prostheses 

were promising. However, longer-term studies found that these first-generation prostheses had a 

high risk of failure due to loosening of the device (32). Rates of loosening ranged from 22 to 

75% (10). Since then, a variety of second and third-generation prostheses have been developed 

(32,34,35). 

Indications for TAR are similar to those of AA – severe arthritis whose symptoms have 

not been alleviated by conservative treatments / medical management (32). Contraindications 

include diabetes mellites, vascular diseases, previous infections of the foot, or severe 

neurological disorders (32). 
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The estimated direct hospital costs of TAR in 2013 in the US were $21,423 USD. In 

Canada, the total direct cost, noted as cost due to operating room time, hospital stay, surgeon 

billing, and implant/hardware cost was found to be $13,500 in 2006 dollars in 2015. Of this, 

$419 was attributable to surgeon billing and $6,420 was attributable to the cost of the implant 

(28). These costs were found to be similar to those of total knee and hip replacements but were 

higher than costs for AA. 

Complications following TAR include those that occur intraoperatively, such as nerve 

and tendon lacerations and fractures or component misalignment, or post-operative 

complications such as fracture of the replacement component, and joint stiffness (32). The 

primary reason for revision of TAR is due to the position of the components or failure of 

components to be fixed securely (32,33,36). Revision rates for TAR range from 10 to 22% 

(31,37–39) at five years and 20 to 24% at 10 years (38,40). Patients presenting with 

unsalvageable TAR procedures can have a conversion to ankle fusion or amputation (27,32). 

Younger and more active patients are at higher risk of revision than older and more sedentary 

patients (32,39).  

 

1.2 Health-Related Quality of Life and Patient Reported Outcomes 

1.2.1 Health-Related Quality of Life 

Although many definitions exist, health-related quality of life (HRQoL) is often defined 

as self-perceived health status, or how one views one’s own health (41,42). HRQoL generally 

focuses on functioning and well-being in the physical, psychological, and social domains (42–

46) and is influenced by patient and societal preferences (43). While there have been calls to use 

the term ‘self-perceived health-status’ rather than ‘HRQoL’ to define how patients feel about the 
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status of their health (41,42), the term HRQoL is used in this thesis as the latter term persists and 

is recognized by clinicians in the literature (42,47–49). 

HRQoL is closely related to both health and quality of life (QoL) (42). Health is defined 

by the WHO as “a state of complete physical, mental and social well-being, and not merely the 

absence of disease and infirmity” (50). The WHO defines QoL in a broader sense, stating that 

QoL is “individuals’ perception of their position in life in the context of the culture and value 

systems in which they live and in relation to their goals, expectations, standards and concerns.” 

This definition encompasses health, as well as social relationships and aspects of the 

environment, including physical safety, transport, and work satisfaction (51). Consequently, 

HRQoL is as an aspect of health, which is in turn an aspect of QoL (41,42).  

Wilson and Cleary’s conceptual model of patient outcomes notes that aspects of health, 

including HRQoL, fall along a continuum of increasing biological, social, and psychological 

complexity (43,52). Biological measures, such as red blood cell count and heart rate, are found at 

one end of the continuum, while more complex measures, such as physical functioning and 

mental health status, are at the other. Traversing across the continuum described in this model 

can be seen as moving from the cell to the individual to the interaction of the individual and 

society (43). This model combines two paradigms of health, the clinical paradigm (ie. the 

biomedical model focusing on biological, physiological, and clinical outcomes) and the social-

science paradigm (i.e., HRQoL, focusing on overall well-being and functioning). Combining the 

two paradigms allows causal relationships to be made between the health concepts found in both 

paradigms (ie. the ability to relate biological measures of health to HRQoL). 

HRQoL touches on a variety of domains of health and can therefore be divided into a 

number of separate aspects including functional status, symptom severity, and psychological 
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well-being. Certain aspects of HRQoL have been found to be highly correlated, such as pain 

status and depression symptoms (53).  

 

1.2.2 Patient Reported Outcomes 

As HRQoL is subjective (44), it is often measured directly from patients through patient 

reported outcomes (PROs), measures of patients’ self-reported health (54,55). PROs are obtained 

through validated and psychometrically sound self-administered surveys, asking patients to rate 

aspects of their HRQoL including functional status and symptom severity (54,56). PROs are 

increasingly being collected in a variety of domains, including orthopedic surgery. They have 

many applications including evaluation of clinical outcomes (57), effectiveness of surgical 

techniques and care pathways (58,59), quality improvement (60), and cost-effectiveness analyses 

(58,61). PROs can be broken down into two groups; generic instruments and disease-specific 

instruments.  

 

1.2.2.1 Generic Instruments 

PROs that are classified as generic instruments are used to measure aspects of general 

HRQoL, such as mobility, the ability to perform usual-activities, and self-care (62). Thus, they 

can be used to make comparisons between populations with different health conditions. 

However, they are known to be less sensitive to changes after surgery and more sensitive to 

comorbidities compared to disease-specific instruments (44,63–65). Examples of generic 

instruments include the Short Form-36 (SF-36) (66), and the EuroQol-5D (67).  
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1.2.2.2 Disease-Specific Instruments  

PROs that are classified as disease-specific instruments are used to elucidate very specific 

aspects of HRQoL that are relevant to particular diseases. Examples include the Patient Health 

Questionnaire (PHQ-9) for depression, and the Ankle Osteoarthritis Score (AOS) for ankle 

arthritis (68). These instruments are designed to be sensitive to changes in functional limitations 

and/or disease-specific symptoms that may not be captured by generic instruments.  

 

1.2.3 Minimally Important Difference 

Although PROs have seen rapid use over the past few decades in clinical practice and 

research, their interpretability remains a challenge (45,69). For example, if a particular PRO 

score in a treatment group is three points higher than a control group, what does that mean, and 

to whom? Would this be considered a large enough treatment effect to justify the choice of one 

intervention over another?  

The minimally important difference (MID) is a concept defined as the smallest change in 

a given measure that a patient would perceive as beneficial (70). The MID can help clinicians 

understand the size of treatment effects and compare the possible beneficial and harmful 

outcomes attributable to a procedure (69). MIDs are frequently derived from changes in PRO 

scores (71,72). In these cases, the MID is noted as the smallest change in a PRO score that a 

patient perceive as beneficial (69). For the purpose of this thesis, the MID is defined as the 

smallest change in a PRO score that a patient perceives as beneficial (70).  

The MID is related to the minimal clinically important difference (MCID), which refers 

to the smallest change in a measure that would be noted as being clinically meaningful (70). 

However, both the MID and MCID have been used in literature to define changes important to 



9 

 

patients (73). This synonymy (same meaning for varying terms) can make it difficult to 

differentiate the two concepts (74). However, it is important to keep in mind that both the MID 

and MCID are thresholds that indicate whether a change is considered meaningful to patients or 

clinicians respectively.  

There are two primary approaches to calculating MIDs: distribution- and anchor-based 

methods (69,75). Distribution based methods compare changes in a PRO score to a measure of 

variability, such as the standard deviation or standard error of the distribution of scores. Anchor 

based methods compare a change in a PRO score to an independent measure that indicates a 

meaningful change, such as a self-reported global assessment question or change in value of 

another PRO. While distribution-based methods may not directly ascertain that a change is 

meaningful to patients, it is assumed that MIDs derived from this approach are meaningful to 

patients (75). Both methods are common, and there is uncertainty over which should be preferred 

(75). Therefore, many studies present MIDs calculated using several variations of both 

distribution and anchor-based methods (71,76).  

 

1.3  Changes in HRQoL of ESAA Patients Treated with AA and TAR 

Ankle surgery patients overwhelmingly seek relief from pain and improvements in 

function related to their ankle, such as walking or performing daily activities (77,78). Therefore, 

for patients treated with AA or TAR, previous research into changes in HRQoL in the peri-

operative period has focused on ankle-specific and general HRQoL (30,37,72,79,80).  

Hendrickx (30) explored the post-operative HRQoL of ESAA patients treated with AA 

through a retrospective follow-up study of 66 AA procedures. The authors measured general 

HRQoL with the SF-36 and ankle-specific HRQoL with the American Orthopaedic Foot and 
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Ankle Society Ankle and Hindfoot scale (AOFAS) and the Foot and Ankle Ability Measure 

(FAAM). Patients completed PROs post-operatively during annual physical examinations, and 

the mean follow-up time was 9 years. However, this study lacked pre-operative scores. To 

compensate for this, the authors compared general health scores to those of the general Dutch 

population, finding patients’ post-operative general HRQoL were similar. However, physical 

function and bodily pain were significantly lower in the patient cohort compared to age-matched 

controls from the general Dutch population. The authors found that AA patients’ AOFAS post-

operative scores were similar to post-operative scores of AA patients in other studies. The 

authors did not state whether patients experienced meaningful changes in their ankle-specific 

HRQoL. The authors noted that 91% of the cohort was satisfied with their clinical result, but did 

not detail this evaluation, aside from stating that “patients were asked if they were satisfied with 

their situation” (30). 

Koivu et al. (81) retrospectively reviewed a cohort of 34 TARs performed on 33 patients 

suffering from ESAA operated or supervised by a senior orthopedic surgeon over a 15-year 

period. Patients completed the Kofoed ankle score, a measure of ankle-specific HRQoL that 

measures pain, function, and range of motion associated with the ankle. The instrument was 

administered pre-operatively, one year after surgery, then every second year thereafter. The 

median follow-up time was 13.3 years. The authors found that patient’s ankle-related pain and 

function, as measured by the Kofoed ankle score, improved considerably, from a median pre-

operative score of 42 to a median post-operative score of 88 points at 1 year, 82 points at 5 years, 

81.5 points at 10 years, and 79.5 points at 15 years. This translated to ‘excellent’ ankle-specific 

HRQoL at 1 year, and ‘good’ ankle-specific HRQoL at every point thereafter. The authors did 

not indicate if these changes surpassed the instrument’s MID.  
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Lachman et al. (82) retrospectively reviewed a prospectively collected cohort of 29 ankle 

arthritis patients with failed TAR and had undergone revision surgery. Patients had completed 

the AOFAS, SF-36, and Short Musculoskeletal function assessment (SMFA) pre-operatively, 

then 6 months and annually post-operatively. Patients had an average time to revision of 3.9 

years and an average follow-up of 3.2 years after revision. Both primary and revision patients 

experienced statistically significant changes in ankle-specific and general HRQoL following 

surgery. Similar to previous studies, the authors did not indicate whether these changes were 

meaningful to patients. Average changes in all instrument scores were greater in primary than in 

revision TAR. 

Desai et al. (83) reported on a prospectively-recruited cohort study, identifying changes 

in HRQoL for bilateral and unilateral ESAA patients treated with TAR. Patients completed the 

SF-36 and AAOS-FAM to elucidate general and ankle-specific HRQoL. Surveys were 

administered once pre-operatively, then annually post-operatively with a mean follow-up time of 

5.9 years. Patients in both the bilateral and unilateral groups experienced statistically significant 

changes in general and ankle-specific HRQoL post-operatively. While pre-operative scores 

differed between groups, with unilateral patients exhibiting better general and ankle-specific 

HRQoL, post-operative scores were similar. The authors did not determine if these changes in 

score were meaningful to patients.  

Studies have also compared changes between AA and TAR, finding that changes in 

HRQoL attributable to both procedures are nearly equal. Daniels et al. (37) investigated the post-

operative HRQoL of 107 AA and 287 TAR surgeries for ESAA patients through a prospective 

cohort study. The authors compared post-operative ankle related health, as measured by AOS, a 

measure of ankle-specific health, and general HRQoL as measured by the SF-36, among AA and 
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TAR patients. Patients completed instruments pre-operatively, one year following surgery, then 

annually thereafter. The average follow-up was 5.5 years. Among both AA and TAR patients, the 

authors found that ankle-specific and general HRQoL improved post-operatively. AOS scores of 

AA patients improved by roughly 20 points, and TAR patients by 26 points. SF-36 scores 

improved by points 6.6 for AA patients and 5.4 for TAR patients. While these changes were 

considered statistically significant, the authors did not determine if they were larger than each 

instruments’ MID and therefore did not determine if these changes were meaningful to patients. 

The authors also performed a linear mixed effects regression model, which compared changes in 

scores of AA and TAR patients while adjusting for demographic variables (age, sex, presence of 

comorbidities such smoking status, body mass index, and inflammatory arthritis diagnosis), 

clinical variables (surgeon and side of surgery), and pre-operative PRO scores. After these 

adjustments, the authors found that changes in AOS and SF-36 scores were similar for AA and 

TAR patients. 

Slobogean et al. (84) compared changes in general HRQoL among 46 AA and 61 TAR 

procedures in a prospectively collected cohort of ESAA patients. General HRQoL was measured 

by the SF-36 instrument. SF-36 scores were then converted to a scale ranging from zero to one 

(zero referring to worst health and one referring to best possible health). Patients completed the 

SF-36 pre-operatively, then one-year post-operatively. AA patients had a mean pre-operative 

score of 0.66, compared to 0.67 for TAR patients. Mean post-operative scores for both AA and 

TAR patients were the same, at 0.73. Changes in the SF-36 were found to be statistically 

significant for both groups. However, the authors did not determine if these changes were 

meaningful to patients. 
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1.3.1 Gaps in the Literature  

Although there has been a significant volume of scholarship surrounding changes in 

HRQoL of ESAA patients treated with AA and TAR, gaps in the literature remain. These gaps 

are 1) aspects of HRQoL that have not been explored, 2) the meaning/significance of changes in 

HRQoL to patients, and 3) the effects of health-system delivery factors such as utilization of 

physiotherapy and surgical wait times on these changes. 

 

1.3.1.1 Missing Aspects of HRQoL 

The available literature is primarily focused on ankle-specific and general HRQoL 

measures. While these aspects of HRQoL are important to patients (77,78), other aspects of 

HRQoL may still be relevant. For example, previous research has indicated that anxiety (85) and 

pain-catastrophizing (86) are present in osteoarthritis patients. Another understudied aspect of 

HRQoL in ESAA patients is depression symptoms. Depression, also known as major depressive 

disorder (MDD), is recognized as a period of at least 2 weeks during which a patient exhibits 

either depressed mood or the loss of interest or pleasure in nearly all activities (87). The impact 

of depression is immense; the 12-month prevalence of depression globally is estimated at 4.4% 

and is the largest contributor to global disability according to the World Health Organization 

(WHO), attributable to 7.5% of all years lived with disability in 2015 (88). The average lifetime 

prevalence for depression is estimated to be 11.1% in low- to middle-income countries and 

14.6% in high-income countries (89). Depression effects people from all walks of life, including 

members of the military (90), children (91), and elective surgery patients (92).  

There is evidence that the prevalence of depression among patients suffering from 

osteoarthritis is nearly double that of patients without arthritis (93,94), and joint surgery patients 
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suffering from depression have been found to have more complications and worse post-operative 

outcomes than patients without depression (92,95,96). While there are some studies that have 

looked into changes in mental health status following AA or TAR (37,97), they do not explicitly 

measure depression symptoms.  

Depression is also closely related to pain. The prevalence of pain in depressed cohorts is 

higher than that of non-depressed cohorts (98). Similarly, the prevalence of depression in pain 

cohorts is higher than that of non-pain cohorts (53). There is a large body of evidence detailing 

the interaction between depression and pain symptoms, which has been labeled depression-pain 

syndrome or the pain-depression dyad (99,100).  

Pain is an important indication for surgery and a major opportunity for post-operative 

improvement among orthopedic patients (53,99–101). While ankle-specific pain is often a 

domain of PROs that elucidate ankle-specific HRQoL (68), none of the studies identified in 

section 1.3 used instruments specifically designed to measure general pain. The connection 

between ankle-specific pain and general pain has not been investigated, meaning there is 

uncertainty around how general pain changes following surgery. Furthermore, given the 

relationship between pain and depression, if a relationship between general pain and ankle-

specific pain is firmly established, then there could be a relationship between depression and 

ankle-specific HRQoL (since ankle-related pain is often considered an aspect of ankle-specific 

HRQoL). Additionally, the focus on pain overall rather than pain specific to the ankle would 

allow for comparisons of changes in HRQoL to other major joint procedures such as hip or knee 

replacements.  
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1.3.1.2 Relevance of Changes in HRQoL to Patients 

While studies investigating changes in HRQoL following AA or TAR for treatment of 

ESAA have found changes to be statistically significant, the importance of these changes to 

patients is largely unstudied. Comparing changes in HRQoL to a PRO’s MID is one method to 

evaluate the significance of these changes to patients (45). However, many PRO instruments do 

not have established MIDs, leading to their absence from many HRQoL studies. Therefore, there 

is an opportunity to use PROs with established MIDs in order to measure if changes in HRQoL 

after AA or TAR surgery are meaningful to patients. 

 

1.3.1.3 The Effects of Post-Operative Physiotherapy and Wait times on HRQoL 

Of the previous work on changes in HRQoL of ESAA patients, only the study by Daniels 

et al. (37) investigated changes while adjusting for demographic variables, such as age, sex, and 

presence of comorbidities. However, other variables could also influence changes in HRQoL 

following surgery. For example, health-system delivery factors have been known to influence 

patients’ health outcomes (102). Two of these potentially modifiable factors, time waiting for 

surgery and post-operative delivery of physiotherapy, are especially relevant to ESAA patients 

treated with AA and TAR.  

Physiotherapy is often routinely prescribed as a form of treatment in the post-operative 

period, with the goal to minimize pain and optimize recovery after a hospital stay (103). There 

have been a variety of systematic reviews investigating the effectiveness of post-operative 

physiotherapy in lower extremity orthopedic patients. Post-operative physiotherapy is associated 

with improved short and medium-term (under one year) levels of physical function, pain, and 

range of motion following replacement of the hip or knee (104,105). Although there has been 
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significant research investigating physiotherapy following surgery of the hip and knee, there is 

very little information available for ankle surgery. Recommendations that physiotherapy be 

administered following surgery exist for ankle patients (106,107), but no scientific studies have 

published on the use of physiotherapy among ESAA patients treated with AA or TAR in the 

peri-operative period. 

Many patients, including those in Canada, report that their wait for surgery, known as 

their ‘wait time,’ is unacceptable (108). Wait time for surgery, or the amount of time between 

being placed on a surgical waitlist and receiving that surgery, is used as a benchmark for 

effectiveness or equity of access between health systems (109,110). There is uncertainty 

surrounding the effects of surgical wait times on changes to orthopedic patients HRQoL in the 

peri-operative period.  

There are two randomized controlled trials (111,112) and three prospective cohort studies 

(113–115) measuring the association between the wait time and changes in HRQoL during the 

wait for hip and knee replacements. The two randomized controlled trials, one for hip and one 

for knee replacement, found no evidence of an association between longer wait times with worse 

health at the end of the waiting period, as measured by the Harris hip score or Knee Society 

Clinical Rating System respectively (111,112). The cohort studies by Ostendorf et al. and Kelly 

et al. also found no significant changes in HRQoL as measured by the Western Ontario and 

McMaster Universities Arthritis Index (WOMAC) and SF-36 for hip revision patients and total 

knee/hip replacement respectively while on the surgical waitlist (114,115). However, the cohort 

study by Desmeules et al. found that patients who waited more than nine months for knee 

replacement experienced significant worsening of pain and function while on the waitlist (113). 



17 

 

There has been little investigation into the effects of wait times on changes in HRQoL of AA and 

TAR patients. 
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Chapter 2: Study Purpose and Rationale 

This study will measure changes in different aspects of HRQoL (general HRQoL, ankle-

specific HRQoL, pain, and depression symptoms) during the peri-operative period among 

patients who receive AA or TAR as treatment for ESAA, and whether these changes are 

considered meaningful/significant to patients. Additionally, the effects of demographic variables 

and modifiable health system factors, such as time on the wait list and utilization of post-

operative physiotherapy, on these changes will be investigated. 

 

2.1  Investigate Changes in Multiple Aspects of HRQoL as Measured by PROs  

Most studies investigating changes to HRQoL of ESAA patients treated with AA and 

TAR have been focused on ankle-specific and general HRQoL. Therefore, changes in other 

aspects of HRQoL, such as depression symptoms and pain, are not well understood. Although 

understudied, these aspects of HRQoL may still be important to ESAA patients treated with AA 

or TAR as many orthopedic and arthritic patients have high levels of depression symptoms and 

pain (93,96,101). For example, as pain and depression are closely related (53), it is possible that 

following surgery, patient’s depression symptoms, in addition to pain, will change.  

This thesis will explore changes in general HRQoL, ankle-specific HRQoL, pain, and 

depression symptoms as measured by PROs of ESAA patients treated with AA or TAR. Possible 

correlations between changes in different aspects of HRQoL will also be evaluated. Since it is 

unknown if changes in HRQoL of ESAA patients treated with AA or TAR are meaningful, 

changes in PRO scores will be compared to each instruments’ MID. By examining aspects of 

HRQoL under-investigated elsewhere, investigating their interrelatedness, and determining their 
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significance to patients, this thesis aims to provide additional insight into changes in HRQoL for 

ESAA patients treated with AA or TAR.  

 

2.2 Investigate Effects of Post-Operative Physiotherapy and Wait Time on HRQoL 

The effects of utilization of physiotherapy in the post-operative period or duration on the 

surgical waitlist on changes in HRQoL have not been evaluated among ESAA patients treated 

with AA and TAR. Previous research into the effects of physiotherapy and wait times on HRQoL 

have focused on other joints such as the hip or knee. This thesis aims to target this gap in 

knowledge through exploratory analysis of the effects of these factors on changes in HRQoL. 

The results can help discharge planning following AA or TAR or encourage effective utilization 

of care while ESAA patients are on the surgical waitlist. 
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Chapter 3: Data 

3.1 Data Source Overview 

This study uses data collected from AA and TAR patients participating in the Value and 

Limitation in Hospital Utilization and Expenditures (VALHUE) project. This population-based 

study collects PROs during the peri-operative period. The VALHUE Project is a partnership 

between Vancouver Coastal Health (VCH), Providence Health Care (PHC) and the University of 

British Columbia (UBC). Data collection among orthopedic patients has been ongoing since 

October 2015. Information collected by the VALHUE project is linked with sources of 

administrative data and clinical information regarding patient’s treatment in the peri-operative 

period. 

  

3.2 Participant Recruitment, Inclusion and Exclusion Criteria 

Patients are identified from VCH’s population-based registry of BC residents 

prospectively scheduled for primary AA or TAR surgery by one of four foot and ankle surgeons 

practicing in the provincial referral centre for foot and ankle surgery. Therefore, it is likely that 

almost all patients who receive these procedures in the province of BC during the recruitment 

period are identified for inclusion in this cohort irrespective of where they reside in the province.  

To be eligible for this study, patients have to be community dwelling, 19 years of age or 

older, able to answer survey questions in English with or without assistance and scheduled for 

TAR or AA. Patients are excluded if their surgery is emergent, scheduled within two weeks of 

being enrolled on the waitlist, or scheduled for a revision surgery. Eligible patients are contacted 

by phone by research staff at VCH to participate during normal business hours (9am to 5pm on 
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weekdays). Participants were recruited from October 2015 to August 2018. Post-operative PROs 

were collected until February 2019. 

Participants complete a battery of four PROs, the EurQol Five-Dimension three-level 

instrument (EQ-5D(3L)), Ankle Osteoarthritis Scale (AOS), Pain intensity, interference with 

Enjoyment of life, and General activity instrument (PEG), and the Patient Health Questionnaire 

(PHQ-9), which are discussed in more detail below. The PROs are administered to participants 

before and six months after their surgery. Almost all participants complete their pre-operative 

PROs in the three months before their surgery. Participants who do not complete their survey 

packages within two weeks received reminder phone calls or emails.  

VCH Legal and Privacy Office completed a Privacy Impact Assessment and the 

University of British Columbia’s Research Ethics Board approved data collection and linkage 

(approval number: H12-02062). 

 

3.3 PRO Instruments 

3.3.1 EuroQol Five Dimension Scale 

Many studies investigating changes in HRQoL following AA or TAR use a generic PRO 

instrument to measure general HRQoL. The EQ-5D(3L)’s Visual Analogue Scale (VAS), 

referred to as the EQ-5D VAS, was selected to measure general HRQoL, based on its brevity, 

comparability, and psychometric properties (67). The EQ-5D VAS ranges from 0 (i.e., “Worst 

imaginable health state”) to 100 (i.e., “Best imaginable health state”). The EQ-5D VAS has 

demonstrated strong correlations to other measures of HRQoL important to orthopedics patients 

such as pain and disability (116). The EQ-5D VAS has also been found to be equally responsive 
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as the SF-36 and WOMAC, other instruments that are frequently administered to orthopedic 

patients (117). The EQ-5DVAS has seen extensive use in patients with ESAA (118–121).  

The EQ-5D(3L) also includes five items corresponding to the domains of mobility, self-

care, usual activities, pain/discomfort, and anxiety/depression ranked on a three-level scale. 

Scores of each domain are combined to denote one of 243 (35) unique health states. These health 

states can be transformed into utility scores, subjective values of health states, used by health 

economists in cost-utility analyses (27,122). While these utility scores have been considered 

measures of HRQoL (42), they are cohort or country specific and make generalizations to other 

jurisdictions challenging (122). Furthermore, the EQ-5D(3L) items have exhibited strong ceiling 

effects in lower extremity orthopedic patients (123), and have been criticized for not adequately 

capturing milder health problems (124,125). This in turn has led to bimodality in the distribution 

of EQ-5D(3L) utility scores among orthopedics patients, making them harder to incorporate into 

in statistical models (125). In this study, patterns of responses to the five items of the EQ-5D are 

not explored. 

 

3.3.2 Ankle Osteoarthritis Scale 

The ankle osteoarthritis scale (AOS) measures self-reported disability and symptom 

severity attributable to ESAA (1,68). Patients complete each of the 18 items by placing a mark 

along a 100mm horizontal line, bounded by “No pain/difficulty” on the left and “Worst pain 

imaginable / So difficult unable” on the right.  

The 18 items are split into two nine-item subscales for pain and disability. Averaging the 

two subscale scores generates the overall score, which ranges from 0 (best ankle function) to 100 

(worst ankle function). The AOS has exhibited excellent test-retest reliability and strong criterion 
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validity, finding an intraclass correlation coefficient of 0.97 between surveys completed a week 

apart, and strong correlations to the WOMAC and SF-36 (126). Construct validity, or how well a 

measure reflects a given latent variable or underlying concept (127), has also been assessed 

through correlation with a clinical measure of functional disability, finding that the instrument 

captures both pain and disability in the ankle (1,68,126). Differential item functioning, or 

differences in measurement qualities of an instrument between two or more categories (i.e., sex, 

type of surgery, etc.), has been found to be negligible. The instrument has shown minimal ceiling 

and floor effects when administered to patients with advanced ankle arthritis (128). The AOS has 

seen extensive use among ESAA patient populations (37,121,129). 

 

3.3.3 Pain intensity, interference with enjoyment of life and general activity (PEG) 

The Pain intensity (P), interference with enjoyment (E) of life and general (G) activity 

instrument is used to measure general pain. Known as PEG and based on the Brief Pain 

Inventory (BPI), this three-item instrument consists of one pain intensity item and two pain 

interference items. Items are scored on a scale of 0 (i.e., No pain/interference) to 10 (i.e., pain “as 

bad as you can imagine/complete interference”). 

The PEG instrument’s total score is calculated as the average of the three items. Scores 

greater than three are indicative of high levels of pain (130). The instrument has shown strong 

psychometric properties such as good reliability and construct validity and is as responsive as 

other validated measures of pain such as the Brief Pain Index (131,132) among primary care 

patients. Though ceiling and floor effects for this instrument have not been reported, the PEG has 

seen use among patients presenting with musculoskeletal pain in primary care (131,132), and 

orthopedic patients (121). 
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3.3.4 Patient Health Questionnaire (PHQ-9) 

The patient health questionnaire (PHQ-9) is an instrument used to measure depressive 

symptoms in patients (133). This instrument measures functional impairment and symptoms due 

to depression. Participants respond to nine items, each ranked on a four-point Likert scale 

ranging from 0 (“Not at all bothered”) to three (“Bothered nearly every day”).  

The instrument’s total score is calculated by summing the nine item scores. Scores 

greater than 10 are considered clinically significant depression, while scores above 15 and 20 

correspond to moderate and severe depression respectively (134). The PHQ-9 has demonstrated 

strong floor effects in primary care and obstetrics-gynecology patients (135). The instrument has 

been noted as having good construct validity and test-retest reliability (136) and has seen use 

among orthopedic populations (93,137).  

 

3.4 Demographic and Clinical Variables 

VCH links PROs data to the Discharge Abstract Database (DAD) and the BC Surgical 

Registry. The DAD is a database that holds information regarding the population of discharges 

from acute care hospitals in BC. The BC Surgical Registry is the provincial database that holds 

information for patients on the surgical waitlist for elective procedures. Research staff also link 

data from participant’s electronic medical records located in the province’s referral centre for 

foot and ankle surgery.  

The remainder of this sub-section details the rational for choosing the study’s analytic 

variables. Age and sex are commonly used as covariates and summarizing cohorts in HRQoL 

research (37,71,121), and are obtained from surgical registry data supplied by VCH.  
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The Charlson index, a measure of the severity of comorbid conditions (138), is included 

as patients with more comorbid conditions often have worse post-operative outcomes (139). The 

Charlson index is calculated using all comorbidities identified from the Discharge Abstract 

Database (DAD) linked with participant’s PROs.  

Socio-economic status (SES) is included in the analyses since lower SES is associated 

with poorer post-operative outcomes, including increased pain and reduced physical function 

among joint replacement patients (140,141). SES is obtained from Canadian census data 

independent of this study (142). SES is calculated for BC’s census dissemination areas as a 

composite index of six separate indices. Each of the six indices is a combination of three or four 

variables and acts as a measure of regional hardship. Participants are assigned the SES of their 

census dissemination block, which is determined from their postal code. While participants’ 

family SES would be the preferred, previous work by Mustard et al has shown that SES status 

derived from postal code income information works as a reasonable proxy for family-level SES 

(143). Since two types of surgery are investigated (AA and TAR), a dichotomous variable is 

included that indicates which procedure each participant receives. This information is obtained 

from linking with the DAD.  

Wait times and utilization of post-operative physiotherapy are included in order to 

explicitly investigate their effects on changes to HRQoL. Wait time is measured as the number of 

weeks between participants being placed on the BC surgical registry and the surgery date and is 

also sourced from the surgical registry. As ESAA is a degenerative condition, wait time may be 

confounded with severity of ESAA-related symptoms (i.e., the longer a patient is on the waitlist, 

the worse their ESAA). 
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To measure post-operative physiotherapy utilization, counts of participants’ visits to 

publicly funded post-operative physiotherapy in the 180 days following discharge are observed 

from participants’ electronic medical records. The 180 day threshold is chosen since most post-

operative physiotherapy following orthopedic surgery occurs in this period (104,144). In this 

study, privately paid physiotherapy, which is thought to be common, is not observable and is a 

limitation of the findings. 
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Chapter 4: Methods 

The main investigation is to measure changes in HRQoL (general HRQoL, ankle-specific 

HRQoL, pain, and depression symptoms) as measured by PROs in the peri-operative period for 

ESAA patients treated with AA or TAR.  

This study also measures whether participants’ changes in HRQoL are greater than each 

PRO instrument’s MID, indicating whether changes are meaningful to patients. The role of 

surgical wait time, utilization of post-operative physiotherapy, type of surgery, and demographic 

variables on changes in HRQoL are also investigated. 

 

4.1 Missing Data 

Missing data is common in health research utilizing PROs values (145). There are three 

types of missing data: Missing completely at random (MCAR), missing at random (MAR), and 

missing not at random (MNAR). If the probability of a variable miss is not dependent on any 

other variable found in the dataset, or on the value of the variable itself, then that variable is 

MCAR. Dropping data that is MCAR does not bias results (146). If the probability of missing a 

variable is dependent on one or more observed variables, that variable is MAR. If one conditions 

on observed variables, the probability that the variable of interest is missing becomes MCAR. In 

this situation, other variables can account for the missingness, and can adjust for bias or loss of 

power. If the probability of a variable missing is dependent on unobserved variables, that 

variable is MNAR. This is the most difficult kind of missing data to deal with, as it cannot be 

easily adjusted for effects on statistical inference. This in turn may produce biased results 

(145,147).  
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A common method of dealing with missing categorical data that is MCAR, MAR, or 

MNAR is the inclusion of a separate category for missing values (148). For missing continuous 

data, multiple imputation, replacing missing data using a sophisticated algorithm that 

incorporates information from the rest of the dataset is often employed. The most common 

algorithms for multiple imputation are Markov Chain Monte Carlo and iterative chained 

equations (146). If data is MCAR, using multiple imputations allows one to compensate for a 

lack of power (149). Multiple imputations can also remove bias if data is MAR and can 

minimize bias to less than 5% if data is MNAR (149). 

Missing data in the present cohort is limited to SES information and PRO scores. SES 

could be missing due to several reasons, including due to participants living in new housing 

developments not yet assigned to an SES indicator, living on reserve, being homeless, or living 

outside of BC. Participants with missing SES information are grouped into a separate SES 

category. This ‘Missing SES’ category accounts for roughly 16% of participants. PROs scores 

are found to be missing in roughly 1% of participants. Many studies that use PROs make the 

assumption that missing PROs scores are MAR, and are suitable to augmentation by multiple 

imputation (150,151).  Thus, multiple imputation by chained equations (146) is employed to 

account for missing PROs scores, assuming that most data is MAR. Simulations have shown that 

many imputations are necessary to ensure sufficient power (152). For the purpose of this thesis, 

100 imputations are used.   

 

4.2 Presentation of Sample Demographics and Clinical Variables 

Available sample demographic information includes age, sex, SES, and Charlson index. 

Age is summarized by the sample mean and standard deviation. To make presentation of 
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demographic information easier to interpret, all demographic variables are split into categories. 

Age is split into 50 years and under, between 51 and 60, between 61 and 70, and greater than 70 

years. Sex is split into male and female. SES is categorized into 5 quintiles. As mentioned in 

section 4.1, a sixth quintile is included for participants with missing SES data. Participants are 

split into two categories based on Charlson index; an index of zero indicating no comorbid 

conditions or an index greater than or equal to one indicating the presence of one or more 

comorbid conditions.  

Additional categories are created from clinical information, including type of surgery, 

time on surgical wait list, and utilization of post-operative physiotherapy. Surgery is split into 

either AA or TAR. Wait time is measured as the number of weeks between being placed on the 

BC surgical registry and the surgery date. Wait time is summarized with three categories: 12 

weeks or less, between 13 and 26 weeks and greater than 26 weeks, thresholds considered 

‘good’, ‘acceptable’, and ‘unacceptable’ by clinicians. Wait times for related procedures in 

Canada (hip and knee replacement) have a benchmark wait time of less than 26 weeks (110). 

Participant’s physiotherapy visits are categorized; zero/no utilization and at least one 

physiotherapy visit. 

Demographic and clinical characteristics of participants, as well as utilization of publicly 

funded outpatient physiotherapy and wait time categories, are summarized by counts and 

percentages to give an overview of the cohort and provide support that this cohort is similar to 

other cohorts of ESAA patients treated with AA or TAR. 
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4.3 Comparing Changes in HRQoL to MIDs 

To investigate the significance of changes in HRQoL, this study uses the MIDs of each 

PRO instrument. These MIDs are obtained in two ways – from previous research and the current 

participant cohort.   

Previous research using an anchor-based approach to calculating MIDs found that the 

MID for the EQ-5D VAS to be 7.0 (153). This value was based on a cohort of 534 cancer 

patients, and may not be the suitable to the current patient cohort. However, no other estimates of 

the MID for the EQ-5D VAS were available from previous research and supports this research’s 

calculation of an MID value from this cohort of ESAA participants.  

The MID of the AOS has been reported as 28, and was derived from a cohort of 238 

ESAA patients treated with AA and using an anchor-based approach (72). A summary of 

previous research for pain instruments found that the MID of the PEG was 1.0, calculated via a 

distribution-based approach (76). For the PHQ-9, a change of 5.0 points was found to be the 

MID, calculated using a distribution-based approach using scores of 434 patients in a primary 

care setting (154). 

MID values for each of the PROs used in this study are also generated from the current 

cohort for comparative analysis of MIDs. To create these MIDs, a common distribution-based 

calculation method, 0.5 times the standard deviation of change in each PRO measure (75), is 

utilized. In this approach, the MID of a given instrument is defined as 0.5 times the sample 

standard deviation of the change in that instrument. Although distribution-based methods have 

been criticized for not explicitly asking patients what they believe is a meaningful change and for 

being sample specific (75), this method of MID calculation has seen extensive use in PROs 

research (71,155). 
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For each PRO instrument and participant, indicator variables are calculated representing 

whether the participant’s change in PRO score exceeds the instrument’s MID. This is performed 

for both the MIDs sourced from previous research and calculated from this cohort. 

Participants PRO values are summarized by categories noted in section 4.2. Mean pre- 

and post-operative PRO scores are reported for variables’ categories. Paired t-tests are 

performed, for the entire cohort and each demographic and clinical category, to determine if 

mean pre- and post-operative scores differed statistically. P-values of these t-tests are presented. 

As this analysis is exploratory, adjustments for multiple comparisons are not applied (156). 

 

4.4 Changes in Multiple Aspects of HRQoL 

When investigating changes of multiple PROs scores, one may be interested in the 

interrelatedness of these changes. Related changes in multiple PRO scores could provide 

evidence that instruments measure overlapping concepts. For example, the AOS includes an 

ankle-specific pain domain, which could overlap with pain as measured by the PEG, and result in 

an association between changes in the AOS and PEG. To explore potential relationships between 

changes in PRO scores, correlations between changes in each instrument are reported.  

To visualize multiple aspects of HRQoL simultaneously, several figures showing changes 

among instruments’ values are presented.   

 

4.5 Variables Associated with Changes in HRQoL 

In order to determine the effects of utilization of post-operative physiotherapy, wait times 

for surgery, demographic variables, and the type of surgery, on changes in HRQoL, two analyses 

are performed. The first is a series of four multivariable linear regression models, one for each 
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PRO instrument. The dependent variable is the change in PRO value (defined as the post-

operative score minus the pre-operative score). 

 

∆ (𝑐ℎ𝑎𝑛𝑔𝑒) 𝑖𝑛 𝑎 𝑃𝑅𝑂 𝑠𝑐𝑜𝑟𝑒 = 𝑝𝑜𝑠𝑡𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑣𝑒 𝑠𝑐𝑜𝑟𝑒 − 𝑝𝑟𝑒𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑣𝑒 𝑠𝑐𝑜𝑟𝑒 

 

This is then adjusted for participant demographic information (age, sex, SES, Charlson 

index) as well as the type of surgery performed. Additionally, the models include a term for pre-

operative PRO scores as an explanatory variable to adjust for pre-operative HRQoL. The models 

can be summarized by the general equation, 

 

𝑐ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑎 𝑃𝑅𝑂 𝑠𝑐𝑜𝑟𝑒 =   𝛽1 ∗ 𝐴 + 𝛽2 ∗ 𝐶 +  𝛽3 ∗ 𝐷 +  𝛽4 ∗ 𝐸 + 𝜀  

 

 where A represents each pre-operative PRO score, C represents demographic and clinical 

variables, D represents the number of post-operative physiotherapy visits a participant had, and E 

represents the wait for surgery in weeks. 𝜀 refers to the error term. The βi terms represent the 

coefficients associated with each explanatory variable. Coefficients and p-values are reported for 

these four regression models.   

 In order for linear regression models to be valid, they need to satisfy four key 

assumptions: that the dependent variable can be expressed as a linear function of the independent 

variables, that error terms are independent, that error terms are normally distributed, and that 

variation of error terms is constant. To check for these assumptions, plots of dependent variables 

vs independent variables and plots of residuals are produced and evaluated.  
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In order not to enforce arbitrary structure on the data, the continuous variables ‘wait time 

in weeks’ and ‘number of physiotherapy visits’ are selected over their categorical counterparts 

introduced in section 4.2. However, there is an argument for using the categorical versions of 

these variables. The utility of wait time categories, which are defined by clinicians, can 

examined in greater detail upon their inclusion in the aforementioned regression models. Most 

participants did not receive any physiotherapy in the post-operative period and treating 

physiotherapy visits as continuous may violate the linearity assumption present in regression 

models. Dichotomizing physiotherapy visits into zero visits and one or more visits, can 

overcome this possible violation (157). With this in mind, the four models above are re-run using 

the categorical versions of wait time and physiotherapy visits as a sensitivity analysis. 

Coefficients and p-values for these four regression models are reported in the appendix.  

The second analysis, performed to measure whether demographic variables, type of 

surgery, wait times, and utilization of physiotherapy affect changes in all instruments 

simultaneously, is a multivariate analysis of covariance (MANCOVA). This is an extension of 

the analysis of covariance (ANCOVA) and the multiple analysis of variance (MANOVA). In the 

case of MANCOVA, variation in the means of several continuous dependent variables are 

assessed across multiple independent categorical variables simultaneously while considering the 

effects of independent continuous variables.  

The design of the MANCOVA model is as follows: 

 

𝑐ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑃𝑅𝑂 𝑠𝑐𝑜𝑟𝑒𝑠 =   𝛽1 ∗ 𝐴 + 𝛽2 ∗ 𝐶 +  𝛽3 ∗ 𝐷 +  𝛽4 ∗ 𝐸 + 𝜀.  
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where A represents all pre-operative PRO scores, C represents demographic and clinical 

variables, D represents the number of post-operative physiotherapy visits and E represents 

surgical wait time in weeks. The βi terms represent the coefficients associated with each 

explanatory variable. 𝜀 refers to the errors for the vector of dependent variables. The main 

difference between this model and the previous analyses is that the MANCOVA can determine 

the effects of all independent variables on all of the dependent variables simultaneously. Thus, 

the ‘change in PRO scores’ on the left of the above equation refers to all changes in all PRO 

scores measured. Additionally, the variable corresponding to A in the above equation refers to all 

pre-operative PRO scores.  

For a MANCOVA to be sound, several assumptions must hold: that the observations are 

independent, that dependent variables are normally distributed, that covariances of dependent 

variables are equal, that independent continuous variables are uncorrelated, that regression slopes 

for each category do not differ significantly, and that independent continuous variables are not 

related to the independent categorical variables. Observations are assumed to be independent, as 

it is unlikely that the changes in PRO scores of one participant affects that of another. 

Histograms of dependent variables are used to check for normality. Covariance matrices of 

dependent variables are used to check for equal covariances across dependent variables. If 

covariances are not found to be equal, the dependent variables are z-score standardized (defined 

as subtracting the mean and dividing by the standard deviation), and covariances are re-

evaluated. Correlations between continuous independent variables are inspected. If two variables 

are highly correlated, one is dropped from the model. To determine that regression slopes do not 

differ between categories, the effects of interaction terms are assessed. Relationships between 
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categorical and continuous variables are checked using boxplots. For the MANCOVA model, 

adjusted coefficients and p-values are reported. 

Like the separate linear regression models above, a sensitivity analysis is performed 

using categorical variables. Adjusted coefficients and p-values for this model are reported in the 

appendix. 

 

4.6 Variables Associated with Meaningful Changes in HRQoL 

A series of four logistic regression models (one for each instrument) are created to 

determine if there is a relationship between experiencing a meaningful change in HRQoL and 

utilization of post-operative physiotherapy, wait times category, demographic variables, and the 

type of surgery participants undergo. Logistic regression assumes that the outcome is binary and 

that observations are independent.  

In situations where there are few participants in combinations of categorical independent 

and dependent variable, estimates of regression coefficients can be biased away from the null 

hypothesis (158). Also known as sparse data bias, this phenomenon can be worsened by the 

exponentiation of coefficients in logistic regression. To assess sparsity, 2 × 2 tables are tabulated 

for categorical independent variables and the dependent variable (i.e., exceeding a given MID) 

are generated. If sparsity is associated with a particular categorical variable, a new categorical 

variable is generated which avoids sparsity while attempting to maintain the underlying pattern 

of the data. The 2 × 2 tables of the independent variable and categorical dependent variables that 

show sparsity will be presented, along with 2 × 2 tables of the independent and new categorical 

variables. Regression coefficients, p-values, odds ratios, and 95% confidence intervals of odds 

ratios of the four logistic regression models are reported.  
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Participants are also categorized based on the number of MIDs they exceeded. That is, if 

a participant experiences changes in the AOS and EQ-5D VAS that are above each instrument’s 

MID, but does not experience the same for the PEG or PHQ-9, then that participant falls into the 

‘Two MIDs exceeded’ category. This classification corresponds to five categories, exceeding 

zero MIDs, exceeding one MID, exceeding two MIDs, exceeding three MIDs and exceeding four 

MIDs. This classification is performed for MIDs identified from previous research only. The 

percentage of participants in each of the five categories are visually presented in a stacked bar 

chart.  

Additionally, an ordinal logistic regression is performed to determine the association 

between the collected variables with the probability of participants experiencing zero meaningful 

changes in HRQoL. Ordinal logistic regression is a method to determine the relationship of 

independent variables to a dependent ordered categorical variable. The major assumption 

underlying this approach is the proportional odds assumption or the parallel regression 

assumption. This assumes that the coefficients describing the relationship between the lowest 

versus all higher categories of the response variable are the same as those that describe the 

relationship between the next lowest category and all higher categories, and so on, for the 

remaining categories. The proportional odds assumption is assessed by comparing the 

coefficients from a series of binary logistic regressions with different cut-points on the dependent 

variable. Ordinal logistic regression can also be affected by sparse data. To assess sparsity, 2 × 2 

tables of categorical independent variables and the dependent variable are tabulated. If sparsity is 

present, the “number of MIDs exceeded” (dependent variable) is split into fewer categories and, 

if necessary, new categorical variables are generated in a similar manner to the instrument-

specific logistic regression models detailed earlier. The 2 × 2 tables of the independent variable 
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and categorical dependent variables that show sparsity will be presented, along with 2 × 2 tables 

of the independent variable and new categorical variables. 

Regression coefficients, p-values, odds ratios, and 95% confidence intervals of odds 

ratios of the ordinal logistic regression are reported. 

 

4.7 Statistical Power and Sample Size 

This study is based on recruiting and retaining participants scheduled for AA or TAR 

surgery from the population of these surgeries scheduled in VCH’s hospitals. Power calculations 

could not be performed a priori since all patients were contacted to participate during the study 

period during the period of funding available – and lower extremity orthopedics’ patients started 

being recruited later in the larger study’s funded period. Therefore, as change in PROs was 

intended to be explanatory in nature, the study’s sample size was not powered for specific 

changes in PROs. 

However, ex poste power is calculated to provide insight into whether the results should 

detect changes in PROs values following surgery. The ex poste calculation assumes the 

difference between pre- and post-operative PRO scores – the effect size – is the MID, for each 

instrument respectively. The analysis assumes a two-sided alpha of 5%. Using the observed 

means and standard deviations, the minimum sample size to ensure power of 80% is 79 

participants for the EQ-5D VAS. Other instruments required smaller sample sizes to achieve 

80% power. 

This study’s sample size of 89 is highly likely to detect changes as least as large as the 

MIDs for each of the PROs used in this study. Power calculations were computed using R’s 

‘power.t.test’ command.  
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To give further strength to the findings of this work, previous publications report 

significant differences in PROs with far smaller datasets with similar demographic compositions 

(30,81,82). This lends additional support to the reliability of our sample size’s ability to detect 

meaningful changes in HRQoL as measured by changes in PROs.   

There are some limitations to this analysis of power; the analyses are based on each PRO 

individually and do not account for correlation between PROs. However, the multivariate 

analyses adjust for sources of variation thought to be associated with participant’s outcomes, so 

this factor may increase power to some extent. 

 

4.8 Statistical Software 

Analysis, including demographic information and regressions was carried out in SAS 9.4 

(SAS Institute Inc., Cary, NC, USA) and R 3.5.3 “Great Truth” (159). Figures were produced 

using R 3.5.3  and the ggplot2 package (160). 
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Chapter 5: Results 

This chapter is split into five subsections. Subsection 5.1 summarizes the sample’s 

demographic and clinical variables, wait times and post-operative physiotherapy utilization. 

Subsection 5.2 presents pre- and post-operative scores of each instrument and includes an 

investigation on the percentage of participants that improve above the MID. Relationships 

between changes in different PROs are shown in subsection 5.3. The effects of the collected 

variables on changes in HRQoL are examined in subsection 5.4. This chapter will conclude with 

subsection 5.5, which explores the effects of the collected variables on exceeding MIDs of the 

various instruments. 

 

5.1 Demographics 

The unadjusted demographic and clinical variables of the cohort are summarized in Table 

1. There were 190 patients eligible to participate. Among the 190 eligible patients, participation 

was 60.0% leaving 114 participants that completed the preoperative PROs. Study dropout was 

22% and 89 participants completed the postoperative PROs.  

There was no difference between participants and non-participants based on sex. 

Participants were, on average, three years older than non-participants (p < 0.01.) No other 

demographic characteristics were observable on non-participants, a topic developed further in the 

study’s limitations. 

Descriptive statistics of the characteristics of the sample are provided in Table 1. 

Participants had a mean age of 60 years. Most participants were female (60.7%) and did not have 

other chronic health conditions (88.8%) reported in their hospital discharge. AA was more 

common (68.5%) than TAR (31.5%). Participants were distributed evenly across age and SES 
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categories. Most participants received surgery within 26 weeks. A further breakdown of wait 

times is shown in Figure 1, showing that a plurality of participants received surgery in the first 

12 weeks on the waitlist. However, a non-trivial number of participants waited over 26 weeks for 

their surgery. Only 9% of participants received post-operative physiotherapy in the 180 days 

following their surgery. This measure of physiotherapy only includes participants who received 

publicly-funded physiotherapy, as privately-funded physiotherapy could not be included.  
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Table 1 Cohort Demographics 

  

Characteristic   N % 

Overall  89 100.0 

Age (mean, sd)  60 (10.2) 

Age Category    

 ≤ 50  16 18.0 
 51 – 60  32 36.0 
 61 – 70   26 29.2 
 > 70   15 16.9 

Sex    

 Female 
 

54 60.7 
 Male  35 39.3 

Charlson Index     

 0  79 88.8 
 ≥ 1  10 11.2 

SES    

 1 (Highest)  13 14.6 
 2  20 22.5 
 3  17 19.1 
 4  11 12.4 
 5 (Lowest)  14 15.7 
 Missing  14 15.7 

Surgery Category    

 AA  61 68.5 
 TAR 

 
28 31.5 

Wait Time in Weeks    

 0 - 12  34 38.2 
 13 - 26  19 21.3 
 > 26  36 40.4 

Post-Operative Physio Visits   

 0  81 91.0 

  ≥ 1   8 9.0 
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Figure 1 Histogram of wait time in weeks 
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5.2 Results of Comparisons between Changes in HRQoL and MIDs 

5.2.1 EQ-5D VAS 

Table 2 displays information for the EQ-5D VAS. The overall unadjusted mean pre-

operative EQ-5D VAS score was 65.4, while the post-operative mean score was 72.0. These 

means were significantly different (p-value < 0.05).  

As the MIDs identified from previous research and generated from this cohort were 

almost the same (7.0 vs. 7.06), only percentages of participants that improved above the MID 

identified from previous research were shown. 

Nearly 43% of participants experienced a change in EQ-5D VAS score that was above 

the MID. This finding suggests that although most participants see statistically significant 

changes in general HRQoL, less than half of participants found these changes to be meaningful. 

Considering that most participants expect benefits following surgery that are noticeable, such as 

improved ability to walk and decreased pain (77), this finding was counterintuitive.  

For participants in the 50 years and younger age category, paired t-tests revealed a 

statistically significant difference between mean pre- and post-operative EQ-5D VAS scores (p < 

0.05). Additionally, 56.3% of participants in this age category experienced changes in score that 

exceeded the instrument’s MID. Participants in other age categories did not see a statistically 

significant difference in mean pre- and post-operative scores, although it was close to significant 

for participants in the 61-70 category (p-value of 0.077). Participants in the 50 years and under 

age category experienced both worse (lower) mean pre-operative and better (higher) mean post-

operative EQ-5D VAS scores than most other age categories. This suggests that younger 

participants had worse general HRQoL pre-operatively and saw a larger change in general 

HRQoL.  
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Both sexes had similar mean pre- and post-operative scores (66.2 and 71.6 for females, 

64.2 and 72.5 for males, respectively). The difference between mean pre- and post-operative 

scores was statistically significant for males, and almost statistically significant in females (p-

value = 0.058). A similar percentage of participants in both sex categories exceed the EQ-5D 

VAS MID (40.7% for females, 45.7% for males). These finding suggest that changes in general 

HRQoL after AA or TAR do not differ between the sexes.  

Among participants with a Charlson index greater than or equal to one, 50% experienced 

changes in EQ-5D VAS scores that were meaningful. Participants with a Charlson index greater 

than or equal to one had lower mean pre-operative general HRQoL and saw more meaningful 

changes in general HRQoL compared to participants with Charlson indexes of zero. These 

findings are at odds with previous research, which has found patients with higher Charlson 

indexes often have worse post-operative outcomes following orthopedic surgery.   

Changes in general HRQoL varied widely across different SES categories. Mean pre- and 

post-operative EQ-5D VAS scores were only found to be statistically different for participants in 

the 3rd SES quintile, and just over 70% of these participants experienced changes that were above 

the instrument’s MID. Participants in the highest and second highest SES categories had a higher 

mean pre-operative general HRQoL than those in the third, fourth, fifth, or missing categories. 

However, mean post-operative scores were lower for participants in the highest and second 

highest SES categories compared to those in the third, fifth, and missing SES categories. These 

findings suggest that participants with higher SES have better pre-operative general HRQoL, but 

do not improve as much as those with lower SES. Literature on SES supports this trend, 

suggesting that participants in higher SES categories tend to have better health than participants 

in lower SES categories (161). It is possible that the lower SES participants, having worse 
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HRQoL than their higher SES peers, achieve greater changes in their general HRQoL in the peri-

operative period. However, due to the small sample sizes across SES categories, these findings 

should be interpreted with caution. 

The 53.6% of participants that received TAR experienced a change in EQ-5D VAS score 

that they found to be meaningful. This is compared to 37.7% of participants that received AA 

who experienced a change in EQ-5D VAS score that was meaningful. However for both AA and 

TAR participants, the differences between pre- and post-operative EQ-5D VAS scores were 

found to be statistically significant. These findings provide additional context to the work by 

Daniels et al. (37), which reported that differences between pre- and post-operative general 

HRQoL were similar for AA and TAR patients. The varying percentage of participants 

experiencing changes above the instrument’s MID across AA and TAR categories suggests that 

the changes in general HRQoL attributable to AA may not be as important to participants as 

changes attributable to TAR. This appears reasonable, as AA reduces the ankle’s range of motion 

compared to TAR, which could lead to less AA participants finding their changes to be 

meaningful.  

Participants with wait times of 12 weeks or under had better mean pre-operative general 

HRQoL (score of 68.5) compared to participants who waited between 13 and 26 weeks and 

participants who waited over 26 weeks (60.1 and 65.4 respectively). However, 52.6% of 

participants who waited between 13 and 26 weeks for surgery experienced meaningful changes 

in EQ-5D VAS scores, compared to 32.4% and 47.2% of participants who waited 12 weeks or 

under and over 26 weeks respectively. It is unclear why this is the case. 

Participants who received post-operative physiotherapy in the 180 days following surgery 

had similar mean pre-operative EQ-5D VAS scores to participants who did not receive 
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physiotherapy. However, participants who received post-operative physiotherapy had lower 

mean EQ-5D VAS scores relative to participants who did not receive post-operative 

physiotherapy. Among participants who did not receive outpatient physiotherapy, 44% 

experienced meaningful changes compared to only 25% of participants who utilized post-

operative physiotherapy. 

It is possible that participants that utilized post-operative physiotherapy experienced 

selection bias, wherein participants with poorer prognosis are referred to post-operative 

physiotherapy at higher rates. For example, these participants could have experienced 

complications following surgery and utilized physiotherapy as a means of mitigating these 

complications, though this study design did not provide an opportunity for participants’ 

qualitative assessment of their access to physiotherapy. As this study only captured 

physiotherapy utilization that was publicly funded, it is possible that these participants were of 

lower SES categories. However, upon inspection of 2 x 2 tables of physiotherapy categories and 

SES, this did not appear to be the case.  
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Table 2 Summarized pre- and post-operative EQ-5D VAS scores and percentage of participants exceeding 

MID 

      EQ-5D VAS 

Characteristic   
Pre-Operative 

Mean (SD) 

Post-Operative 

Mean (SD) 

Difference 

P-Value 

Percent Exceeding 

MID (Literature) 

Overall  65.4 (18.8) 72.0 (16.2) 0.003 42.7 

Age Category      

 ≤ 50  57.1 (17.1) 74.0 (16.0) 0.002 56.3 
 51 – 60  65.9 (16.3) 67.7 (16.1) 0.645 37.5 
 61 - 70   69.0 (18.7) 76.3 (14.6) 0.077 38.5 
 > 70   66.9 (24.5) 71.5 (18.5) 0.309 46.7 

Sex      

 Female 
 

66.2 (18.3) 71.6 (16.8) 0.058 40.7 
 Male  64.2 (19.6) 72.5 (15.4) 0.019 45.7 

Charlson Index       

 0  66.9 (17.9) 72.6 (16.3) 0.016 41.8 
 ≥ 1  53.7 (22.4) 67.6 (15.2) 0.047 50.0 

SES      

 1 (Highest)  71.5 (15.8) 70.0 (15.3) 0.759 23.1 
 2  68.9 (19.2) 70.8 (16.4) 0.887 40.0 
 3  59.1 (21.3) 72.8 (15.1) 0.003 70.6 
 4  62.1 (22.9) 68.7 (24.3) 0.212 36.4 
 5 (Lowest)  67.9 (18.2) 77.8 (11.8) 0.070 35.7 
 Missing  63.0 (14.3) 71.1 (15.6) 0.156 42.9 

Surgery Flag      

 AA  65.7 (18.3) 71.7 (16.6) 0.030 37.7 
 TAR 

 
64.9 (20.2) 72.7 (15.5) 0.031 53.6 

Wait Time in Weeks  
  

  

 0 - 12  68.5 (14.3) 73.6 (14.5) 0.076 32.4 
 13 - 26  60.1 (24.1) 68.9 (20.4) 0.081 52.6 
 > 26  65.4 (19.0) 72.2 (15.3) 0.080 47.2 

Post-Operative Physio Visits     

 0  65.6 (17.9) 73.0 (15.8) 0.001 44.4 

  ≥ 1   63.4 (27.1) 61.9 (17.3) 0.845 25.0 
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5.2.2 AOS 

Table 3 summarizes findings regarding the AOS instrument. The mean pre-operative 

score for the AOS instrument was 60.5 while the mean post-operative scores was 31.7. The 

difference between mean pre- and post-operative AOS scores was statistically significant (p-

value < 0.05). Many participants experienced a change in AOS that was greater than the 

instrument’s MID, although this differed depending on the MID used (45.5% when the MID 

identified from previous research was considered, 65.9% for the cohort-calculated MID).   

Participants in all age categories experienced statistically significant differences between 

mean pre- and post-operative AOS scores, only the 51-60 and greater than 70 age categories saw 

more than 50% of participants experience changes greater than the MID identified from previous 

research (71.4% and 62.5% respectively). On the other hand, all age categories saw more than 

50% of participants experience changes greater than the MID calculated from the cohort.  

Both females and males saw statistically significant differences between mean pre- and 

post-operative AOS scores. However, males had lower mean pre- and post-operative scores than 

females. Differences also persisted when comparing the percentage of participants that exceeded 

MIDs. For males, 53.9% of participants experienced a change in AOS score that was greater than 

the MID identified from previous research compared to 33.3% of females. This discrepancy 

between sexes was also reflected when comparing changes greater than the MID - 76.9% of 

males saw changes greater than that MID compared to 50% of females. This suggests that less 

females found their changes in ankle-specific HRQoL to be meaningful compared to males. 

There is evidence that suggests females expect to achieve complete improvement in ankle 

function following ankle surgeries at higher rates than men (78). This difference in expectation 

could play a role in the differences in exceeding the MID between sexes.  
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Mean pre- and post-operative AOS scores were similar for participants in both Charlson 

index categories. Differences between mean pre- and post-operative scores were statistically 

significant for participants in both Charlson index categories. A similar percentage of 

participants in both Charlson index categories experienced changes greater than the MID of the 

AOS identified from previous research (44.4 and 50.9%, respectively). This was also the case for 

the MID calculated from the cohort. These findings are contrary to previous research, which has 

found that patients with more comorbidities often have worse outcomes following orthopedic 

surgeries than patients with less comorbidities (139). However, as few participants had 

comorbidities, these findings need to be interpreted with caution.  

Changes in AOS scores were similar across most SES categories. However, participants 

in the second-lowest SES category (quintile 4) saw worse mean post-operative scores than other 

SES categories. This translated to zero participants in this SES category improving above the 

MID identified from previous research. It was unclear why this was the case, though the MID 

calculated from the cohort suggests that 50% of these participants did experience meaningful 

changes in the AOS. Again, these results could be due to small sample sizes across SES groups. 

Both AA and TAR participants saw statistically significant differences between mean 

pre- and post-operative AOS scores. Participants in both categories had similar mean pre- and 

post-operative AOS scores. However, the relevance of these changes to participants differed; 

56.7% of AA participants experienced changes in the AOS greater than the instrument’s MID 

identified from previous research compared to 21.4% of TAR participants. This pattern also 

appeared when applying the cohort-calculated MID, finding that 76.7% of AA participants 

improved above this threshold compared to 42.9% of TAR participants. These findings suggest 

that participants who received AA were more likely to experience meaningful changes in ankle-
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specific HRQoL compared to TAR participants. As TAR is associated with more range of 

motion than AA (32), and one might expect the opposite result.  

Differences between mean pre- and post-operative AOS scores were statistically 

significant for participants in all three wait time categories. Participants in the 12 weeks or under 

wait time category had a lower mean pre-operative AOS score (53.2) compared to the other two 

wait time categories (67.4 and 63.1 respectively). Mean post-operative scores were similar 

between wait-time categories, with participants in the greater than 26 weeks category seeing 

lower mean AOS scores (27.7) compared to participants in the other two wait time categories 

(32.0 and 37.9). Participants in the greater than 26 weeks wait time category also experienced 

more changes in AOS score above the MID identified from previous research (50%) than 

participants in the other two wait time categories. When applying the cohort-calculated MID, all 

three wait times categories had a similar percentage of participants improved above the MID 

(68.8%, 60.0%, and 66.7% respectively).  

Participants in both post-operative physiotherapy categories saw similar mean pre-

operative AOS scores. For participants who did not utilize physiotherapy in the 180 days 

following surgery, the difference between mean pre- and post-operative scores was statistically 

significant. This was not the case for participants who utilized physiotherapy. Furthermore, 

46.3% of participants who did not receive physiotherapy experienced changes in score greater 

than the MID identified from previous research, compared to 33.3% of participants who did 

receive physiotherapy. However, when applying the cohort-calculated MID, the percentage of 

participants that saw meaningful changes in the AOS was similar across both physiotherapy 

categories. This again suggests that the choice of MID was critical in detecting if a change in 

PRO score was meaningful.  
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Table 3 Summarized pre- and post-operative AOS scores and percentage of participants exceeding MID  

      AOS 

Characteristic   
Pre-

Operative 

Mean (SD) 

Post-

Operative 

Mean (SD) 

Difference 

P-Value 

Percent 

Exceeding MID 

(Literature) 

Percent Exceeding 

MID (Calculated 

from Cohort) 

Overall  60.5 (19.7) 31.7 (20.2) < 0.0001 45.5 65.9 

Age Category   
 

   

 ≤ 50  66.3 (17.8) 43.6 (20.2) 0.005 25.0 62.5 
 51 – 60  64.5 (16.2) 28.9 (19.0) < 0.0001 71.4 78.6 
 61 - 70   48.9 (24.6) 30.0 (21.6) 0.049 21.4 50.0 
 > 70   67.1 (10.8) 27.3 (19.6) 0.001 62.5 75.0 

Sex   
 

   

 Female 
 

65.8 (13.3) 39.6 (20.8) < 0.0001 33.3 50.0 
 Male  56.9 (22.7) 27.1 (18.8) < 0.0001 53.9 76.9 

Charlson Index    
 

   

 0  60.6 (18.7) 32.7 (20.6) < 0.0001 44.4 66.7 
 ≥ 1  60.0 (26.1) 27.2 (19.1) 0.038 50.0 62.5 

SES   
 

   

 1 (Highest)  69.0 (14.6) 35.7 (14.9) 0.001 57.1 57.1 
 2  55.9 (16.0) 30.5 (23.2) 0.018 33.3 66.7 
 3  64.1 (21.6) 31.6 (20.6) < 0.0001 66.7 88.9 
 4  66.9 (20.0) 49.1 (27.3) 0.120 0.0 50.0 
 5 (Lowest)  61.5 (16.3) 36.2 (16.1) 0.229 66.7 66.7 
 Missing  55.0 (24.5) 30.6 (17.8) 0.013 41.7 58.3 

Surgery Flag   
 

   

 AA  61.6 (18.3) 31.2 (19.7) < 0.0001 56.7 76.7 
 TAR 

 
58.1 (23.3) 33.2 (22.7) 0.027 21.4 42.9 

Wait Time in Weeks  
  

   

 0 - 12  53.2 (21.4) 32.0 (16.5) 0.001 43.8 68.8 
 13 - 26  67.4 (20.1) 37.9 (15.8) 0.009 40.0 60.0 
 > 26  63.1 (17.1) 27.7 (25.9) < 0.0001 50.0 66.7 

Post-Operative Physio Visits      

 0  60.1 (19.9) 30.5 (19.8) < 0.0001 46.3 65.9 

  ≥ 1   66.3 (20.4) 45.0 (24.4) 0.343 33.3 66.7 
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5.2.3 PEG 

Table 4 summarizes the pain instrument’s findings. The pain MID described by Dworkin 

was nearly the same as the MID obtained from this cohort (1.0 compared to 1.09, respectively).  

Overall, participants saw statistically significant differences between mean pre- and post-

operative PEG scores and 64% of participants experienced meaningful changes in PEG scores, 

the highest among any of the instruments surveyed. Differences in mean pre- and post-operative 

PEG scores were statistically significant in all but one participant category.   

A gradient in mean pre-operative pain was observed across age categories. Participants in 

the 50 years and under category had the highest mean pre-operative PEG scores, while 

participants in the older than 70 years category had the lowest mean pre-operative scores. This 

pattern was not maintained post-operatively. Mean post-operative scores and the percentage of 

participants that exceeded the MID varied across age categories with no clear pattern.  

Mean pre- and post-operative PEG scores were similar between males and females. 

Likewise, participants in both sex categories saw statistically significant differences in pre- and 

post-operative PEG scores (p < 0.05). Although mean post-operative scores for males and 

females differed by 0.2 (Post-operative PEG scores of 3.6 in males, 3.4 in females), 74.3% of 

males experienced changes above the MID compared to only 57.4% of females. These results 

provide further evidence that a change in score that is statistically significant may not be 

meaningful to participants. This also suggests that fewer female participants experienced 

meaningful changes in pain compared to males.  

Mean pre-operative PEG scores differed greatly between Charlson index categories - 

participants with a Charlson index greater than or equal to one had a mean pre-operative PEG 

score of 7.2, compared to a mean score of 5.7 for participants with a Charlson index of zero. 
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While participants in both Charlson index categories saw statistically significant differences in 

mean pre- and post-operative scores, the percentage of participants who found these changes 

meaningful varied; 60.8% of participants with a Charlson index of zero saw their mean PEG 

scores change in a meaningful way, compared to 90% of participants with a Charlson index 

greater than or equal to one. This finding was counterintuitive, as orthopedic patients with higher 

Charlson indexes have seen worse outcomes following surgery compared to those with lower 

Charlson indexes (139). However, the results here suggest that more participants with higher 

Charlson indexes experience meaningful changes in their pain status.    

Mean pre- and post-operative PEG scores were similar across SES categories. The 

difference in mean pre- and post-operative scores was statistically significant for participants in 

the third SES category (SES quintile 3) only. The percentage of participants that saw changes in 

PEG scores that exceeded the MID varied across SES categories, with no clear pattern.  

Both AA and TAR participants saw similar mean pre- and post-operative levels of pain as 

measured by the PEG. The difference between pre- and post-operative PEG scores was 

statistically significant for participants in both surgical categories. The percentage of participants 

that saw changes in scores that exceeded the PEG’s MID was also similar across surgical 

category. This suggests that the ability of both surgeries to alleviate pain is similar.  

Participants who waited between 13 and 26 weeks for surgery had higher mean pre-and 

post-operative PEG scores than participants in the other two wait time categories. The 

differences in mean pre- and post-operative scores was statistically significant for participants in 

all wait time categories. Additionally, the percentage of participants that saw meaningful changes 

in pain was similar across wait time categories. These findings suggest that time on the wait list 
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does not affect the percentage of participants that experienced meaningful changes or whether 

these changes were statistically significant.  

 Participants who had at least one physiotherapy visit had lower mean pre-operative PEG 

scores and higher mean post-operative PEG scores than participants with no physiotherapy. 

While participants without physiotherapy saw differences in mean pre- and post-operative scores 

that were statistically significant, this was not the case for participants who had at least one 

physiotherapy visit. Furthermore, only 37.5% of participants that received physiotherapy saw 

changes in pain that exceeded the PEG’s MID, compared to 66.7% of participants that did not 

receive physiotherapy. This implies that participants who received physiotherapy saw less 

statistically significant and meaningful changes in pain status over the peri-operative period.    
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Table 4 Summarized pre- and post-operative PEG scores and percentage of participants exceeding MID 

      PEG 

Characteristic   
Pre-

Operative 

Mean (SD) 

Post-

Operative 

Mean (SD) 

Difference 

P-Value 

Percent 

Exceeding MID 

(Literature) 

Overall  5.8 (2.5) 3.5 (2.5) < 0.001 64.0 

Age Category      

 ≤ 50  6.1 (2.7) 3.4 (2.6) 0.001 62.5 
 51 – 60  6.0 (2.4) 3.9 (2.3) < 0.001 59.4 
 61 - 70   5.6 (2.4) 3.1 (2.7) 0.001 73.1 
 > 70   5.5 (3.0) 3.6 (2.5) 0.012 60.0 

Sex      

 Female 
 

5.8 (2.4) 3.6 (2.4) < 0.001 57.4 
 Male  5.8 (2.8) 3.4 (2.6) < 0.001 74.3 

Charlson Index       

 0  5.7 (2.5) 3.5 (2.5) < 0.001 60.8 
 ≥ 1  7.2 (2.6) 4.1 (2.5) 0.014 90.0 

SES      

 1 (Highest)  5.5 (3.0) 3.7 (2.4) 0.009 61.5 
 2  5.3 (2.4) 3.6 (2.3) 0.023 55.0 
 3  6.5 (2.2) 3.8 (2.4) < 0.001 76.5 
 4  6.4 (2.3) 3.5 (2.8) 0.003 63.6 
 5 (Lowest)  5.4 (3.0) 3.1 (3.3) 0.033 50.0 
 Missing  6.1 (2.5) 3.4 (2.1) 0.004 78.6 

Surgery Flag      

 AA  5.8 (2.6) 3.5 (2.5) < 0.001 63.9 
 TAR 

 
6.0 (2.5) 3.6 (2.6) < 0.001 64.3 

Wait Time in Weeks  
  

  

 0 - 12  5.5 (2.6) 3.3 (2.2) < 0.001 67.7 
 13 - 26  6.4 (2.6) 4.1 (2.5) 0.002 63.2 
 > 26  5.8 (2.5) 3.5 (2.8) < 0.001 61.1 

Post-Operative Physio Visits     

 0  5.9 (2.6) 3.4 (2.5) < 0.001 66.7 

  ≥ 1   5.5 (2.6) 4.8 (2.3) 0.470 37.5 
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5.2.4 PHQ-9 

Table 5 summarizes the statistics of participants’ PHQ-9. The MID identified from 

previous research as described by Löwe et al. was much larger than the MID calculated using 

data from this cohort (5.0 compared to 1.74). 

The difference between unadjusted mean pre- and post-operative PHQ-9 scores was 

statistically significant. Additionally, according to the MID identified from previous research, 

22.5% of participants experienced a change in depression symptoms that was considered 

meaningful. There was no previously established evidence that would suggest participants 

treated with AA or TAR would see changes in depression symptoms, or that some participants 

would find these changes meaningful. However, when the cohort-calculated MID is applied, 

52.8% of participants reported changes to be meaningful. This again shows the variability in 

clinical significance due to MID selection.   

Mean pre-operative PHQ-9 scores were higher in participants 50 years and under 

compared to participants in other age categories. This could be related to the inability to perform 

daily functions or physical activities as a result of ESAA, which could leave younger participants 

with more depression symptoms than older participants. Participants in the youngest and oldest 

age categories also experienced mean pre- and post-operative PHQ-9 scores that differed in a 

statistically significant fashion. Mean post-operative PHQ-9 scores were similar to those of 

participants in other age categories. The percentage of participants in most age categories that 

experienced meaningful changes in the PHQ-9 were similar, except for participants in the 61 – 

70 age category. Only 11% of participants in this age category saw meaningful changes in PHQ-

9 scores as denoted by the MID identified from previous research, roughly half that of other age 
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categories. This also persisted when considering the percentage of participants that exceeded the 

cohort-calculated MID. It was unclear why this was the case.  

Mean pre-operative scores for males and females were similar (6.2 and 6.0). However, 

females saw higher mean post-operative PHQ-9 scores compared to males (4.9 compared to 3.8). 

The differences in mean pre- and post-operative PHQ-9 scores were statistically significant in 

males, and nearly significant in females (p-value of 0.058). Additionally, slightly more males 

experienced a change in PHQ-9 score greater than the instrument’s MID identified from previous 

research than females (25.7% compared to 20.4%). When the cohort-calculated MID was 

considered, then slightly more females were noted to have had a meaningful change in PHQ-9 

scores than males.  

Participants with a Charlson index of zero had lower mean-preoperative PHQ-9 scores 

than participants with a Charlson index greater than or equal to one. However, participants in 

both Charlson index categories saw similar mean post-operative scores, and differences in pre- 

and post-operative scores were statistically significant across Charlson index categories. The 

percentage of participants with a Charlson index greater than or equal to one that saw changes in 

PHQ-9 scores which exceeded the MID identified from previous research was double that that of 

participants with a Charlson index of zero (40% compared to 20.3%). When the cohort-

calculated MID was considered, the difference in the percentage of participants that saw a 

meaningful change in score was less pronounced.  

Mean pre- and post-operative PHQ-9 scores differed across SES categories with no clear 

pattern. Additionally, the percentage of participants that saw a change in PHQ-9 greater than the 

MID identified from previous research was similar across most SES categories, with the notable 

exception of participants in the SES category four (quintile four). Zero of these participants 
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improved above the MID sourced from previous research. However, when the cohort-calculated 

MID was applied, the percentage of participants that saw a meaningful change in PHQ-9 score in 

quintile four was similar to that of other SES quintiles. Again, these results should be interpreted 

with caution due to the small samples across SES categories.  

AA and TAR participants had similar mean pre- operative PHQ-9 scores. However, mean 

post-operative scores differed between the two categories, with AA participants seeing a mean 

PHQ-9 score greater than the TAR participants (4.8 compared to 3.7, respectively). Participants 

in both surgical categories saw differences in mean pre- and post-operative PHQ-9 scores that 

were statistically significant. Furthermore, according to the MID identified from previous 

research, the percentage of participants that saw changes in the PHQ-9 that were meaningful was 

similar between surgical categories.  However, more TAR participants saw changes in PHQ-9 

scores above the cohort-calculated MID than AA participants (64.3% compared to 47.5%). 

Participants that waited 12 weeks or less for surgery had a lower mean pre-operative 

PHQ-9 score than participants in the other two wait time categories. Post-operative PHQ-9 

scores were similar across wait time categories. Additionally, the percentage of participants that 

saw changes in PHQ-9 scores above the MID identified from previous research was similar 

across wait time categories. This was also the case when the cohort-calculated MID was 

considered. 

Mean pre-operative PHQ-9 scores were similar for participants that both received and did 

not receive post-operative physiotherapy in the 180 days following surgery. Mean post-operative 

scores were different between physiotherapy categories. Participants with no physiotherapy 

experienced differences in pre- and post-operative scores that were statistically significant. This 

was not the case for participants that received physiotherapy. Only 12.5% of participants that 
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received physiotherapy experienced a change in score that was greater than the MID identified 

from previous research compared to 23.5% of participants that did not receive physiotherapy. 

When the cohort-calculated MID was considered, the percentage of participants that saw 

meaningful changes in depression symptoms was similar between physiotherapy groups. 
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Table 5 Summarized pre- and post-operative PHQ-9 scores and percentage of participants exceeding MID 

    PHQ-9 

Characteristic 

Pre-

Operative 

Mean (SD) 

Post-

Operative 

Mean (SD) 

Difference 

P-Value 

Percent 

Exceeding MID 

(Literature) 

Percent Exceeding 

MID (Calculated 

from Cohort 

Overall 6.1 (5.7) 4.4 (4.4) 0.002 22.5 52.8 

Age Category   
   

 ≤ 50 8.6 (6.9) 5.1 (5.3) 0.034 25.0 68.8 
 51 – 60 6.3 (5.3) 5.1 (4.8) 0.247 28.1 56.3 
 61 - 70  4.5 (5.0) 3.8 (3.1) 0.390 11.5 30.8 
 > 70  6.1 (5.6) 3.4 (4.3) 0.008 26.7 66.7 

Sex   
   

 Female 6.2 (5.6) 4.9 (4.8) 0.056 20.4 53.7 
 Male 6.0 (5.9) 3.8 (3.6) 0.008 25.7 51.4 

Charlson Index    
   

 0 6.0 (5.6) 4.5 (4.4) 0.010 20.3 51.9 
 ≥ 1 7.3 (6.1) 4.3 (4.1) 0.033 40.0 60.0 

SES   
   

 1 (Highest) 5.4 (6.5) 3.7 (3.8) 0.265 38.5 46.2 
 2 7.4 (6.0) 4.2 (4.3) 0.014 30.0 70.0 
 3 7.6 (4.9) 4.8 (3.7) 0.005 23.5 64.7 
 4 5.3 (3.7) 5.3 (4.9) 1.000 0.0 54.6 
 5 (Lowest) 4.7 (5.8) 3.8 (5.3) 0.423 21.4 42.9 
 Missing 5.4 (6.5) 5.1 (4.8) 0.871 14.3 28.6 

Surgery Flag   
   

 AA 6.2 (5.9) 4.8 (4.7) 0.039 21.3 47.5 
 TAR 6.1 (5.1) 3.7 (3.7) 0.014 25.0 64.3 

Wait Time in Weeks   
   

 0 - 12 5.7 (5.5) 4.4 (5.0) 0.108 23.5 52.9 
 13 - 26 6.9 (7.2) 4.8 (4.2) 0.138 26.3 47.4 
 > 26 6.1 (5.0) 4.3 (3.9) 0.027 19.4 55.6 

Post-Operative Physio Visits      

 0 6.1 (5.7) 4.2 (4.2) 0.001 23.5 53.1 

  ≥ 1 6.6 (6.0) 6.8 (6.0) 0.951 12.5 50.0 
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5.3 Changes in Different Aspects of HRQoL 

Table 6 displays the Pearson correlation matrix of changes in PRO scores. Correlations 

are compared to Cohen’s rules of thumb; correlations of 0.1 are small, 0.3 are medium, and 0.5 

are large (162). We see that changes in many instruments were highly correlated. Changes in the 

EQ-5D VAS exhibited small negative correlations with the PHQ-9, and medium negative 

correlations with the AOS and PEG. The negative value of the correlations was due to the 

directionality of the different scales – the EQ-5D VAS attributes higher scores to better general 

HRQoL while the AOS, PEG, and PHQ-9 deem higher scores to be worse ankle-specific 

HRQoL, pain, and depression symptoms respectively. Thus, a positive change in EQ-5D VAS 

was an improvement. Conversely, negative changes in the AOS, PEG, and PHQ-9 would be 

considered improvements. When the change in EQ-5D VAS was considered, correlation between 

the PEG was the strongest (-0.464), followed by the AOS (-0.337) and PHQ-9 (-0.211). This 

suggests that the EQ-5D may have captured information that was also captured by these other 

instruments. Conceptually, general HRQoL should take all other aspects of HRQoL into account 

to some extent. The stronger association with changes in the PEG suggests that changes in pain 

were more associated to changes in general HRQoL than either ankle-specific HRQoL or 

depression symptoms.  

Changes in the AOS exhibited strong positive correlations with changes in the PHQ-9 

and PEG. This suggests that changes in pain and ankle-specific HRQoL were highly related, and 

that the instruments overlapped. The ankle-specific pain component of the AOS was most likely 

driving this result. The strength of the correlation between the AOS and the PHQ-9 could be 

explained by the pain-depression dyad. Since pain and depression are so strongly linked (100), 
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and that ankle-specific HRQoL was strongly correlated to pain, then ankle-specific HRQoL 

could be related to depression through its relationship to pain. 

Changes in the PEG exhibited medium positive correlations with the PHQ-9. This 

confirms previous research exploring the pain-depression dyad (99,100). However, the 

correlation between the PEG and PHQ-9 was weaker than the correlation between the AOS and 

the PHQ-9. This suggests that constructs measured by the AOS show additional association with 

the PHQ-9 over pain alone.  

Additional insight into the differences in these correlations can be drawn from the 

scatterplots shown in Figure 2. Each point refers to a participant. These scatterplots illustrate 

how participants AOS, PEG, and PHQ-9 scores change over the peri-operative period. 

Participants closer to the upper-right corner were those with worse pain/ankle-specific HRQoL 

and more depression symptoms. We see in both sub-plots that more participants moved towards 

the lower-left corner, illustrating improvements in all three instruments. However, the movement 

of participants appeared to be more consistent in the AOS-PHQ-9 subplot compared to the PEG-

PHQ-9 subplot, further illustrating the strong association in changes of the AOS and PHQ-9. 
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Table 6 Correlation matrix of changes in PRO scores 

  

  VAS AOS PEG PHQ-9 

VAS 1 -0.33743 -0.46393 -0.21179 

AOS -0.33743 1 0.732259 0.536154 

PEG -0.46393 0.732259 1 0.36174 

PHQ-9 -0.21179 0.536154 0.36174 1 
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Figure 2 Pre and post-operative AOS, PEG and PHQ-9 values 
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Figure 3 illustrates boxplots of pre- and post-operative scores for the four instruments 

used in this study. Dashed lines indicate a change in mean pre-operative score that exceeded the 

instrument’s MID identified from previous research. For the EQ-5D VAS subplot, values of the 

right-hand boxplot that were above the dashed line indicated improvements in general health that 

exceeded the instrument’s MID of 7.0. For the AOS, PEG, and PHQ-9 subplots, values in each 

right-hand boxplot that were below the dashed line indicated improvements in ankle-specific 

health, pain, and depression symptoms that were greater than each instruments MIDs of 28, 1, 

and 5, respectively. 

The figure illustrates that the mean change in the PEG exceeded the MID by a significant 

margin. This supports the results of the PEG MID analysis from section 5.2.3, which found that 

most participants experienced a change in pain scores that was meaningful. The mean change of 

the AOS and EQ-5D VAS marginally exceeded their MIDs. These results also support the results 

from MID analysis for each instrument, as just over 40% of participants experienced changes in 

each PRO score above their respective MIDs. The mean change of the PHQ-9 did not exceed its 

MID, which was understandable given that under 25% of participants saw changes above this 

MID.   
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Figure 3 Side-by-side boxplots of pre- and post-operative PROs scores – dashed lines represent the threshold 

for a meaningful improvement 
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Figure 4 illustrates the percentage of the cohort that saw changes that exceeded multiple 

MIDs identified from previous research. The majority of participants exceeded at least one MID, 

and a plurality exceeded two. This could be due to the inter-relatedness of several of the 

instruments, as demonstrated previously. It is possible that if a participant saw a change in one 

PRO that exceeds its MID, they would also see a meaningful change in a closely related PRO.  

It seems that for 11.4% of participants, no aspects of HRQoL improve in a meaningful 

way. It is possible that these participants saw decrements in their HRQoL during the peri-

operative period, but this cannot be determined from the current study. 
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Figure 4 Percent of patients exceeding MIDs 
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5.4 Models Investigating Variables Associated with Changes in HRQoL 

5.4.1 Changes in EQ-5D VAS Scores 

Table 7 displays results from the regression analysis detailing the effects of clinical and 

demographic variables, wait times, and utilization of post-operative physiotherapy on changes in 

the EQ-5D VAS. Pre-operative PRO scores and the number of outpatient physiotherapy visits 

were significantly associated with changes in general HRQoL.  

The regression coefficient associated with the number of post-operative physiotherapy 

visits was negative (-1.459). This implies that participants with more post-operative 

physiotherapy visits experienced smaller changes in general HRQoL as measured by the VAS. 

There were several reasons why this could be the case. One possibility is that participants with 

post-operative complications could be referred to physiotherapy more often than those without 

complications. However, as participants were not asked about their complications following 

surgery, this cannot be determined from the present study.  

 Age, sex, Charlson index, and SES were not found to be significantly associated with 

changes in score. This suggests that participant’s demographic profile had little effect on changes 

in general HRQoL when the effects of pre-operative general HRQoL are considered.  

The type of surgery and the wait time in weeks were not found to be associated with 

changes in EQ-5D VAS scores. This suggests that the surgery participants receive for treatment 

of ESAA and the length of time they spend on the wait list do not affect changes in general 

HRQoL as measured by the EQ-5D VAS when pre-operative health is accounted for. The 

findings also support the claim by Daniels et al. (37) that changes in general HRQoL do not 

differ between AA and TAR patients.  
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The sensitivity analysis using categorical variables for wait times and physiotherapy 

visits confirmed the above results, finding same variables to be significant.  
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Table 7 Regression analysis for EQ-5D VAS  

   EQ-5D VAS 

Regression Variable Coefficient (SE) P-Value 

 Intercept 41.531 (11.813) 0.001 

 Number of Post-Operative Physio Visits -1.459 (0.605) 0.019 

 Wait time 0.016 (0.075) 0.826 

 Pre-Operative PRO Score -0.646 (0.091) < 0.001 
 Age 0.023 (0.169) 0.896 
 Sex   

  Female Reference Category 
  Male 1.483 (3.345) 0.662 
 Charlson Index    

 
 0 Reference Category 

 
 ≥ 1 -0.141 (5.582) 0.972 

 
SES 

  

 
 1 (Highest) Reference Category 

 
 2 3.687 (5.498) 0.517 

 
 3 9.095 (5.762) 0.117 

 
 4 3.511 (6.477) 0.584 

 
 5 (Lowest) 9.752 (5.919) 0.101 

 
 Missing 5.199 (5.952) 0.379 

 Type of Surgery   

  AA Reference Category 

    TAR 2.741 (3.635) 0.444 
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5.4.2 Changes in AOS Scores 

Table 8 displays results from the regression analysis for the AOS. Pre-operative AOS 

scores was found to be the only variable associated with larger changes in AOS scores. 

Demographic variables, clinical variables, the number of physiotherapy visits, and time on the 

waitlist did not appear to be associated with changes in AOS. This differed to the EQ-5D VAS 

model, which found that post-operative physiotherapy was associated with changes in general 

HRQoL.  

The lack of association with the type of surgery implies that changes in AOS scores are 

similar for both procedures. When this finding is considered alongside the findings of Table 3 

(detailing the different percentages of participants that experienced meaningful changes between 

the two surgical groups), it provides evidence that although changes are statistically similar 

between AA and TAR participants, the significance of these changes to participants differs 

depending on the surgery they received.   

The sensitivity analysis using categorical variables for wait times and physiotherapy 

visits confirmed the results of the presented regression model by finding the same variables to be 

significant.  
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Table 8 Regression analysis for AOS 

   AOS 

Regression Variable Coefficient (SE) P-Value 

 Intercept 13.686 (21.717) 0.533 

 Number of Post-Operative Physio Visits 1.012 (0.838) 0.232 

 Wait time 0.034 (0.117) 0.770 

 Pre-Operative PRO Score -0.567 (0.154) 0.001 
 Age 0.109 (0.279) 0.700 
 Sex   

  Female Reference Category 
  Male -8.017 (5.401) 0.145 
 Charlson Index    

 
 0 Reference Category 

 
 ≥ 1 -5.684 (5.303) 0.288 

 
SES 

  

 
 1 (Highest) Reference Category 

 
 2 -13.182 (8.964) 0.149 

 
 3 -9.420 (8.959) 0.299 

 
 4 -4.749 (11.819) 0.691 

 
 5 (Lowest) -16.071 (11.846) 0.187 

 
 Missing -7.607 (11.723) 0.408 

 Type of Surgery   

  AA Reference Category 

    TAR 4.436 (5.876) 0.455 
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5.4.3 Changes in PEG Scores 

Table 9 displays the results from the regression analysis for the PEG. Higher pre-

operative PEG scores – more pain – were associated with larger changes in PEG scores. 

Demographic variables, type of surgery, number of post-operative physiotherapy visits, and time 

on the wait list were not found to be associated with changes in PEG scores.  

The sensitivity analysis using categorical variables for wait times and physiotherapy 

visits also found that pre-operative PEG scores were the only significant variable.  
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Table 9 Regression analysis for PEG 

  

   PEG 

Regression Variable Coefficient (SE) P-Value 

 Intercept 2.718 (1.876) 0.152 

 Number of Post-Operative Physio Visits 0.147 (0.098) 0.139 

 Wait time -0.005 (0.012) 0.684 

 Pre-Operative PRO Score -0.623 (0.105) < 0.001 
 Age  -0.015 (0.027) 0.585 
 Sex   

  Female Reference Category 
  Male -0.186 (0.546) 0.735 
 Charlson Index    

 
 0 Reference Category 

 
 ≥ 1 0.022 (0.643) 0.972 

 
SES 

  

 
 1 (Highest) Reference Category 

 
 2 -0.140 (0.894) 0.876 

 
 3 -0.511 (0.920) 0.580 

 
 4 -0.806 (1.027) 0.435 

 
 5 (Lowest) -0.619 (0.950) 0.516 

 
 Missing -0.662 (0.950) 0.488 

 Type of Surgery   

  AA Reference Category 

    TAR 0.030 (0.583) 0.959 
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5.4.4 Changes in PHQ-9 Scores 

Table 10 shows the results from the regression analysis of the PHQ-9. Like the EQ-5D 

VAS, AOS, and PEG, pre-operative PHQ-9 scores were associated with changes in the 

instrument’s score. Similar to the AOS and PEG, demographic variables, type of surgery, 

number of physiotherapy visits, and time on the surgical wait list were not found to be associated 

with changes in the PHQ-9 score.  

The sensitivity analysis using categorical variables for wait times and physiotherapy 

visits also found pre-operative PHQ-9 scores to be the only significant variable.   
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Table 10 Regression analysis for PHQ-9 

  

   PHQ-9 

Regression Variable Coefficient (SE) P-Value 

 Intercept 1.605 (2.861) 0.577 

 Number of Post-Operative Physio Visits 0.234 (0.149) 0.122 

 Wait time -0.004 (0.018) 0.830 

 Pre-Operative PRO Score -0.560 (0.074) < 0.001 
 Age  0.013 (0.043) 0.763 
 Sex   

  Female Reference Category 
  Male -1.292 (0.831) 0.124 
 Charlson Index    

 
 0 Reference Category 

 
 ≥ 1 -0.164 (0.972) 0.867 

 
SES 

  

 
 1 (Highest) Reference Category 

 
 2 -0.867 (1.373) 0.530 

 
 3 -0.352 (1.399) 0.802 

 
 4 1.293 (1.547) 0.406 

 
 5 (Lowest) 0.288 (1.441) 0.842 

 
 Missing 1.527 (1.439) 0.292 

 Type of Surgery   

  AA Reference Category 

    TAR -1.277 (0.885) 0.153 



78 

 

5.4.5 Changes in Multiple PRO Scores 

The results from the MANCOVA model are displayed in Table 11. Prior to generating 

this model, correlations between the independent variables (demographic and clinical variables, 

wait times, physiotherapy utilization, pre-operative PRO scores) were evaluated. No interaction 

terms were found to be statistically significant, meaning that there is evidence suggesting that the 

regression slopes would not differ in the MANCOVA analysis. Visual inspection of plots 

between factors and continuous variables did not find evidence of relationships between these 

variables.  

Covariance matrices of dependent variables found that covariances were heterogenous, 

most likely due to differing scales across PROs. To account for this, each dependent variable was 

z-score standardized before input into the model. Additionally, pre-operative PRO scores were 

also z-score standardized, as they are used in calculating changes in PRO scores. 

It was found that pre-operative AOS scores and pre-operative PEG scores were highly 

correlated (Pearson correlation of 0.749). The pre-operative AOS score was selected to be 

dropped, as both pre-operative PEG and AOS scores had similar correlations to the other 

instruments.  

The effects of pre-operative EQ-5D VAS scores were strongly associated with changes in 

all other instruments. No other pre-operative PRO score was associated with changes in the 

instruments investigated when the EQ-5D VAS was considered. This finding is intuitive as the 

EQ-5D VAS is a measure of general HRQoL. It is not a surprise that other aspects of HRQoL 

would be summarized by this construct. 

The MANCOVA appeared to echo results from the previous regression models; that pre-

operative HRQoL was significantly associated with changes in HRQoL. Overall, it appeared 
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that, even with the additional power afforded by the MANCOVA, demographic variables and 

type of surgery did not have an effect on changes in PROs scores after taking the effect of pre-

operative scores into account.  

The sensitivity analysis using categorical variables for wait times and physiotherapy 

visits found the same variables to be significant. Details can be found in Table 22 in Appendix A   
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Table 11 MANCOVA results 

 Regression Variable Estimate P value 

Intercept  -0.068 0.955 

Pre-Operative PRO Score 
  

 EQ-5D VAS -0.740 0.001 

 PEG  -0.059 0.773 

 PHQ-9  -0.283 0.165 

Number of Post-Operative Physio Visits -0.069 0.289 

Wait Time  0.002 0.796 

Age  -0.005 0.772 

Sex  
  

 Female  Reference Category 

 Male  0.105 0.769 

Charlson Index 
  

 0  Reference Category 

 ≥ 1  0.022 0.959 

SES  
  

 1 (Highest) Reference Category 

 2  0.218 0.715 

 3  0.540 0.379 

 4  0.152 0.824 

 5 (Lowest) 0.463 0.461 

 Missing  0.225 0.721 

Surgery  
  

 AA  Reference Category 

  TAR   0.156 0.683 
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5.5 Models Investigating Variables Associated with Meaningful Changes in HRQoL 

5.5.1 Instrument-Specific Logistic Regression Results 

Sparsity was present in the 2 × 2 tables of SES categories and exceeding the AOS and 

PHQ-9 MIDs (shown in Table 12 and Table 14). To prevent this sparsity from affecting the 

models, SES categories were combined to form four new categories: SES quintile one, SES 

quintiles two and three, SES quintiles four and five, and missing SES, for all instrument-specific 

logistic regression models. The 2 × 2 tables of these new SES categories and exceeding AOS and 

PHQ-9 MIDs are shown in Table 13 and Table 15.  

Table 16 displays the results from the logistic regression models of exceeding the EQ-5D 

VAS and AOS MIDs while Table 17 does the same for the logistic regression models of 

exceeding the PEG and PHQ-9 MIDs. For the EQ-5D VAS model, participants in the second or 

third SES quintile saw an odds of exceeding the MID that was 6.991 times as large as that of 

participants in the first SES quintile. It is unclear why this is the case, as previous research has 

indicated that patients in highest SES categories have better pre- and post-operative HRQoL 

scores (141). It is possible that this was due to sparsity of the data still present in the data. No 

other variables were associated with improving above the EQ-5D VAS MID.  

For the AOS model, males had an odds of exceeding the AOS MID that was 6.068 times 

greater than that of females. This could be due to differences in expectations between the sexes, 

which have been documented (78). It is also possible that differences are attributable to sex-

based differences in bone density, as females are more likely to develop less dense bones and 

suffer from osteoarthritis than males (163,164). It is unlikely that this was due to sparsity of the 

data. Participants who underwent AA had an odds of exceeding the AOS MID that was 4.83 

times greater than that of participants who received TAR. This counters previous evidence which 
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suggests that the changes in HRQoL are similar between the two procedures (37,84). No other 

variables were associated with improving above the AOS MID.  

No variables were associated with exceeding the MID of either the PEG or the PHQ-9. 
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Table 12 Two-by-two table of exceeding AOS MID and old SES categories 

 

 

 

 

 

 

 

 
Table 13 Two-by-two table of exceeding AOS MID and new SES categories 

 

 

 

 

 

 

 

 

 
Table 14 Two-by-two table of exceeding PHQ-9 MID and old SES categories 

 

 

 

 

 

 

 

 
Table 15 Two-by-two table of exceeding PHQ-9 MID and new SES categories 

  1 2-3 4-5 Missing 

Did not Exceed PHQ-9 MID 9 28 23 9 

Exceeded PHQ-9 MID 4 9 2 5 

 

  1 2 3 4 5 Missing 

Did not Exceed AOS MID 9 17 11 11 12 9 

Exceeded AOS MID 4 3 6 0 2 5 

  1 2-3 4-5 Missing 

Did not Exceed AOS MID 9 28 23 9 

Exceeded AOS MID 4 9 2 5 

  1 2 3 4 5 Missing 

Did not Exceed PHQ-9 MID 8 14 13 11 11 12 

Exceeded PHQ-9 MID 5 6 4 0 3 2 
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Table 16 Logistic regression results for exceeding EQ-5D VAS and AOS MIDs 

  VAS  AOS 

Regression Variable Estimate P-value Odds Ratio OR 95% CI  Estimate P-value Odds Ratio OR 95% CI 

Intercept -0.703 (1.648) 0.670 n/a  -2.740 (2.159) 0.204 n/a 

Age -0.015 (0.024) 0.519 0.985 (0.939, 1.032)  -0.005 (0.032) 0.871 0.995 (0.934, 1.060) 

Physio Category          

 0 Reference Category  Reference Category 

 ≥ 1 -1.785 (1.017) 0.079 0.168 (0.017, 1.042)  -1.066 (1.284) 0.406 0.344 (0.015, 3.448) 

Wait Time in Weeks          

 0 - 12 Reference Category  Reference Category 

 13 - 26 1.190 (0.651) 0.068 3.286 (0.940, 12.376)  -0.196 (0.821) 0.811 0.822 (0.151, 3.998) 

 > 26 0.919 (0.549) 0.094 2.506 (0.873, 7.639)  0.218 (0.666) 0.743 1.244 (0.334, 4.728) 

Sex          

 Female Reference Category  Reference Category 

 Male 0.295 (0.494) 0.550 1.343 (0.510, 3.585)  1.803 (0.616) 0.003 6.068 (1.899, 21.864) 

Charlson Index          

 0 Reference Category  Reference Category 

 ≥ 1 0.314 (0.550) 0.568 1.369 (0.463, 4.311)  0.690 (0.684) 0.313 1.994 (0.531, 8.438) 

SES          

 1 (Highest) Reference Category  Reference Category 

 2-3 1.945 (0.812) 0.017 6.991 (1.575, 40.537)  -0.099 (0.830) 0.905 0.906 (0.180, 4.967) 

 4-5 0.961 (0.831) 0.248 2.614 (0.548, 15.350)  -1.748 (1.049) 0.096 0.174 (0.018, 1.270) 

 Missing 1.078 (0.911) 0.237 2.939 (0.514, 19.697)  0.110 (0.953) 0.908 1.117 (0.170, 7.632) 

Surgery          

 TAR Reference Category  Reference Category 

  AA -0.917 (0.532) 0.085 0.400 (0.136, 1.115)  1.575 (0.813) 0.053 4.830 (1.137, 30.253) 
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Table 17 Logistic regression results for exceeding PEG and PHQ-9 MIDs 

  PEG  PHQ-9 

Regression Variable Estimate P-value Odds Ratio OR 95% CI  Estimate P-value Odds Ratio OR 95% CI 

Intercept -0.479 (1.654) 0.065 n/a  1.796 (1.895) 0.343 n/a 

Age 0.010 (0.024) 0.664 1.010 (0.964, 1.059)  -0.040 (0.029) 0.166 0.961 (0.906, 1.016) 

Physio Category          

 0 Reference Category  Reference Category 

 ≥ 1 -1.482 (0.872) 0.089 0.227 (0.368, 6.101)  -0.840 (1.242) 0.499 0.432 (0.018, 3.471) 

Wait Time in Weeks          

 0 - 12 Reference Category  Reference Category 

 13 - 26 -0.268 (0.628) 0.669 0.765 (0.222, 2.675)  -0.015 (0.714) 0.984 0.985 (0.229, 3.932) 

 > 26 -0.184 (0.536) 0.731 0.832 (0.287, 2.394)  -0.222 (0.625) 0.723 0.801 (0.228, 2.738) 

Sex          

 Female Reference Category  Reference Category 

 Male 0.666 (0.498) 0.181 1.946 (0.748, 5.349)  0.487 (0.561) 0.386 1.627 (0.536, 4.968) 

Charlson Index          

 0 Reference Category  Reference Category 

 ≥ 1 0.902 (0.774) 0.244 2.464 (0.655, 16.102)  0.657 (0.591) 0.266 1.929 (0.565, 6.133) 

SES          

 1 (Highest) Reference Category  Reference Category 

 2-3 0.423 (0.705) 0.548 1.527 (0.655, 16.102)  -0.297 (0.716) 0.678 0.743 (0.184, 3.169) 

 4-5 0.011 (0.735) 0.988 1.011 (0.368, 6.101)  -1.460 (0.869) 0.093 0.232 (0.037, 1.228) 

 Missing 0.942 (0.915) 0.303 2.565 (0.230, 4.282)  -1.574 (1.019) 0.123 0.207 (0.022, 1.361) 

Surgery          

 TAR Reference Category  Reference Category 

  AA 0.091 (0.534) 0.865 1.095 (0.376, 3.112)  -0.238 (0.608) 0.695 0.788 (0.242, 2.722) 
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5.5.2 Ordinal Logistic Regression Results 

Sparsity was present across most categorical variables when the “number of MIDs 

exceeded” was categorized as zero, one, two, three, or four. These five categories were collapsed 

into three (zero, one to two, three to four MIDs exceeded). Even after this re-categorization, 

sparsity remained among some SES categories. SES was then summarized into a new set of 

categories (highest quintile, 2nd and 3rd highest quintile, 4th and 5th quintiles, missing). The 

corresponding 2 × 2 tables of are shown below in Table 18, Table 19, and Table 20  

Results from the ordinal logistic regression are displayed in Table 21. Two variables were 

associated with participants experiencing zero meaningful changes in HRQoL – physiotherapy 

utilization and sex. Participants who utilized physiotherapy had an odds of experiencing zero 

meaningful changes in HRQoL that was 9.025 times greater than that of participants who did not 

utilize physiotherapy. This relationship aligned with results from the tables in section 5.2. The 

magnitude of the relationship could be due to the small sample size of participants who utilized 

physiotherapy (8 out of 89 or 9% of the cohort).  

Female participants had an odds of experiencing zero meaningful changes in HRQoL that 

was 3.513 times greater than that of males. While females have higher expectations of expecting 

complete recovery following foot and ankle surgeries (78), this result could be driven by 

differences in bone and joint health between the sexes (163,164).  

No other variable was associated with an increased odds of seeing zero meaningful 

changes in the four aspects of HRQoL investigated in this study.  
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Table 18 Two-by-two table of exceeding multiple MIDs (five categories) and old SES categories 

 

 

 

 

 

 

 

 

 

 

 

 

 
Table 19 Two-by-two table of exceeding multiple MIDs (three categories) and old SES categories 

  SES Categories 

Number off MIDs Exceeded 1 2 3 4 5 Missing 

0 4 6 2 4 5 2 

1-2 5 10 9 7 8 9 

3-4 4 4 6 0 1 3 

 

 

 

 

 

 

 
Table 20 Two-by-two table of exceeding multiple MIDs (three categories) and new SES categories 

  SES Categories 

Number off MIDs Exceeded 1 2-3 4-5 Missing 

0 4 8 9 2 

1-2 5 19 15 9 

3-4 4 10 1 3 

  

  SES Categories 

Number off MIDs Exceeded 1 2 3 4 5 Missing 

0 4 6 2 4 5 2 

1 3 4 2 3 3 4 

2 2 6 7 4 5 5 

3 3 4 5 0 0 2 

4 1 0 1 0 1 1 
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Table 21 Results from ordinal logistic regression 

Regression Variable Estimate P-Value Odds Ratio OR 95% CI 

Intercept     

 3-4|1-2 -0.540 0.714 n/a 

 1-2|0 2.446 0.104 n/a 

Age 0.012 0.591 1.012 (0.970, 1.056) 

Physio Category     

 0 Reference Category 

 ≥ 1 2.200 0.011 9.025 (1.789, 55.683) 

Wait time in Weeks     

 0 - 12 Reference Category 

 13 - 26 0.042 0.944 1.043 (0.320, 3.394) 

 > 26 -0.298 0.538 0.742 (0.285, 1.918) 

Sex     

 Male Reference Category 

 Female 1.256 0.007 3.513 (1.428, 9.099) 

Charlson Index     

 0 Reference Category 

 ≥ 1 -1.195 0.053 0.303 (0.084, 0.982) 

SES     

 1 (Highest) Reference Category 

 2-3 -0.718 0.286 0.488 (0.128, 1.828) 

 4-5 0.610 0.385 1.841 (0.465, 7.467) 

 Missing -0.242 0.762 0.785 (0.160, 3.763) 

Surgery     

 AA Reference Category 

  TAR -0.310 0.519 0.734 (0.283, 1.882) 
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Chapter 6: Discussion 

The results of this study demonstrate that participants with end-stage ankle arthritis 

treated by ankle arthrodesis or total ankle replacement saw statistically significant changes in all 

aspects of HRQoL in the peri-operative period. However, not all these changes were large 

enough to be considered meaningful to all participants, indicating a discrepancy between 

statistical significance and meaning/significance to participants.   

Most participants experienced improvements in pain (as measured by the PEG) that were 

large enough to be considered meaningful. Almost one half of participants saw changes in AOS 

(ankle-specific HRQoL) and EQ-5D VAS (general HRQoL) scores that exceeded the MIDs 

sourced from previous research. Furthermore, 22.5% of participants also saw changes in the 

PHQ-9 that exceeded its MID. This could be due to the strong association between changes in 

PHQ-9 scores and changes in PEG and AOS scores. 

The choice of MID impacted the percentage of participants that were noted as having a 

meaningful change in HRQoL, providing support for the inclusion of multiple MID estimates. 

Further investigation is required to determine additional MID estimates for ESAA patients 

treated with AA and TAR. 

Changes in different aspects of HRQoL were found to be highly correlated, and pre-

operative scores of some instruments were related with changes in others, suggesting that many 

of these instruments are measuring similar concepts. This could be driven by specific aspects of 

each questionnaire, like the EQ-5D having a domain for anxiety and depression, and the AOS 

having a domain for ankle-specific pain. Notably, changes in the AOS were correlated with 

changes in the PEG and PHQ-9, suggesting that the pain-depression dyad may be especially 

important to those suffering from ESAA.  
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The adjusted results showed that participants that had more post-operative physiotherapy 

visits had smaller changes in EQ-5D VAS values. This finding may be an artifact of selection 

bias, as participants with poorer prognosis were referred to outpatient physiotherapy at higher 

rates. 

Pre-operative EQ-5D VAS scores were found to be strongly associated with change 

across all four instruments when adjusted for other pre-operative scores, demographic variables, 

physiotherapy visits, and wait times. This strengthens the notion that general HRQoL 

encompasses ankle-specific HRQoL, pain, and depression symptoms.  

Participants in the second or third SES quintile had odds of exceeding the EQ-5D VAS 

MID that was higher than participants in the first SES quintile. Males and AA participants had 

odds of exceeding the AOS MID that were higher than females and TAR participants 

respectively. Additionally, female sex was associated with increased odds of not improving in a 

meaningful way across any instrument. This warrants further investigation into the possibility 

that higher pre-operative expectations or biological differences between the sexes are driving this 

phenomenon. For example, females are more likely than males to see degradation in their bone 

health at older ages due to differences in bioavailable estradiol (a key regulator in bone 

metabolism form both males and females) between the sexes (164). Additionally, males are at a 

reduced risk of developing knee osteoarthritis than females, which is also thought to be due to 

differences in sex hormones (163). 

This study found that in each dimension of health surveyed, participants with the poorest 

pre-operative HRQoL experienced the greatest changes in HRQoL. A finding that supports the 

notion that when a surgeon and patient arrive at a mutually agreeable decision to proceed with 
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surgery for treatment of their ESAA, the most severely affected participants benefit the most 

across multiple dimensions of health, and beyond simply improving their ankle function.  

Many participants waited more than 26 weeks for their surgery. However, this study 

found no evidence of a relationship between the wait for surgery and change in HRQoL after 

adjustment for patient-level and health service utilization characteristics. This finding was 

unexpected, given the relationship between delayed access to surgery and poorer outcomes for 

other lower extremity orthopedic conditions – knee arthroplasties and hallux valgus procedures 

(113,165). 

There were a non-trivial percentage of participants (11.4%) that did not see any 

meaningful changes in HRQoL. It is possible these participants did not receive any benefit from 

surgery, or suffered complications following their procedure. Identifying these patients and 

providing them with additional support may be warranted.  

Some aspects of this study align with previous research; overall mean changes in AOS 

values of 28.8 were similar to those reported by others (37,82,83). Interestingly, this study found 

meaningful changes in self-reported depressive symptoms among 22% of participants, a finding 

which is not concordant with previous research (166). There are a number of explanations for 

why findings in the present study differ from previous research, including that this cohort had a 

low number of participants with comorbidities and a larger sample size compared to other 

studies.  

There are several important limitations to this study’s findings. Participants were 

recruited from a single surgical clinic in a metropolitan region and, although this study found no 

significant differences between participants and non-participants, there may be unobserved 

participation bias. SES was calculated at a block level and may not be reflective each participants 
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actual SES. In addition, this study measured the change in PROs six months following surgery; 

other studies have suggested different follow up durations. Also, this study investigated primary 

elective AA and TAR surgeries and may not be reflective of revision surgeries or emergent 

procedures.  

It is possible that pre-operative scores used in the linear regression and MANCOVA 

models were confounded by other factors, such as age, Charlson index, or is SES. However, 

routine preliminary data exploration investigating the interrelatedness of the study variables did 

not find strong associations with any pre-operative PRO scores. However, other factors such as 

pre-operative anxiety (96) and the presence of injuries were not explored in this study and could 

also have a confounding effect on pre-operative PRO scores.  

Finally, the findings regarding a potential relationship between post-operative outcomes 

and physiotherapy are limited to this study’s use of observable publicly-funded occurrences, and 

likely significantly under represent the totality of participant’s physiotherapy utilization. The 

reported lack of associating between wait for surgery and failure to see expected changes post-

operatively may be limited by the small sample size and associated lack of power to detect such 

an association. 

 

6.1 Future directions 

Future studies could include other aspects of HRQoL that may be relevant to ESAA 

patients treated with AA or TAR. Concepts such as anxiety (85) and pain-catastrophizing (86) 

have been observed in osteoarthritis patients, though not included in the present study. As these 

concepts are closely related to pain and depression symptoms in orthopedic surgery patients 
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(167,168), it is recommended that future research investigates these aspects of HRQoL to 

determine if they have a synergistic affect. 

As some participants did not see meaningful changes any in any aspect of HRQoL, it 

would beneficial to determine if pre-operative factors not captured by this study could have some 

effect on not seeing meaningful changes in HRQoL.  

If this study were to be repeated, based on these findings, it is recommended that 

instruments with fewer overlapping concepts be utilized. The Ankle Arthritis Scale could be used 

instead of the AOS (169). Rather than elucidating ankle-specific pain (which may overlap with 

the PEG) and function like the AOS, the AAS focuses on basic and advanced activities of the 

ankle. Although the PEG and the PHQ-9 are highly correlated, it would be beneficial to retain 

both instruments, as at present there are no instruments which measure the pain-depression dyad. 

Finally, the EQ-5D VAS should be retained as a measure of general HRQoL, to allow for 

comparisons to other procedures or patient groups. General HRQoL may also be supplemented 

by the EQ-5D(5L) items, which, due to an increase in the range of responses (five rather than 

three) are less effected by celling and floor effects than those of the EQ-5D(3L). This would also 

allow for utility values to be generated, which can be used in cost-utility analyses (27,122). 

A qualitative study may also to provide insight into the findings; for example, asking 

patients who did not see meaningful changes in their HRQoL why they did not experience 

meaningful changes could provide additional contextual information regarding factors not 

explored in this study. Additionally, asking patients whether the changes in HRQoL they 

experienced matched what they expected from their surgery could help shed light on possible 

relationships between pre-operative expectations and changes in HRQoL. 
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Considering the findings of this study, it would be beneficial for health-system decision 

makers to understand the characteristics of the patients, health system factors and surgeon’s 

practices that lead to patients being less likely to experience meaningful changes in HRQoL. 

Understanding the pathway which results in better outcomes may lead to resources being 

allocated to improve the likelihood of patients experiencing meaningful gains in health. 

However, in order to do so, systematic collection, integration, and evaluation of patients’ 

HRQoL data into routine data collection systems would be necessary – a difficult feat given the 

complexity of integrating additional streams, and burden of, data collection. Furthermore, there 

may be hesitance by some clinicians to and other health-system decision makers to make 

decisions based on HRQoL data, given that these are subjective measures of health. 

 

6.2 Conclusion 

This study found that most participants treated with AA and TAR for their ESAA 

reported changes in general HRQoL, ankle-specific HRQoL, pain, and depression symptoms in 

the peri-operative period. Participants experienced the largest changes in pain, followed by 

general and ankle-specific HRQoL. Some participants also experienced changes in depression 

symptoms. Participants with the lowest pre-operative HRQoL saw the largest changes, and that 

duration on the wait list and utilization of physiotherapy did not affect these changes. However, 

while all changes were statistically significant, they did not always translate to changes that 

exceeded each instrument’s MID, suggesting that changes are not always meaningful to 

participants. Future research into changes in HRQoL of ESAA patients treated with AA and 

TAR should consider additional concepts into PROs that are meaningful to patients and select 

instruments that have less conceptual overlap. 
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Appendices 

Appendix A  Results of Models Using Categorical Variables 

Table 22 MANCOVA Sensitivity Analysis 

Regression Variable Estimate P value 

Intercept -0.059 (1.162) 0.960 

Pre-Operative PRO Score   

 EQ-5D VAS -0.743 (0.213) 0.001 

 PEG -0.048 (0.210) 0.819 

 PHQ-9 -0.266 (0.206) 0.202 

Age  -0.004 (0.019) 0.825 

Physio Group   

 0    

 ≥ 1 -0.601 (0.610) 0.328 

Wait time in Weeks   

 0 - 12 Reference Group 

 13 - 26 -0.018 (0.474) 0.970 

 > 26 0.090 (0.400) 0.823 

Sex    

 Female Reference Group 

 Male 0.060 (0.363) 0.869 

Charlson Index   

 0  Reference Group 

 ≥ 1 -0.035 (0.426) 0.934 

SES    

 1 (Highest) Reference Group 

 2  0.248 (0.612) 0.687 

 3  0.458 (0.611) 0.456 

 4  0.094 (0.668) 0.889 

 5 (Lowest) 0.465 (0.621) 0.456 

 Missing 0.184 (0.622) 0.768 

Surgery   

 AA Reference Group 

  TAR 0.161 (0.388) 0.679 
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Table 23 Linear regression sensitivity analysis (with categorical versions of wait group and physiotherapy visits) 

   EQ-5D VAS  AOS  PEG  PHQ-9 

Regression Variable Coefficient (SE) P-Value  Coefficient (SE) P-Value  Coefficient (SE) P-Value  Coefficient (SE) P-Value 

 Intercept 42.965 (12.070) 0.001  15.809 (21.963) 0.477  2.370 (1.845) 0.203  1.596 (2.794) 0.570 

 Pre-Operative PRO Score -0.638 (0.097) < 0.0001  -0.580 (0.162) 0.001  -0.618 (0.106) < 0.0001  -0.550 (0.073) < 0.0001 

 Age 0.002 (0.174) 0.991  0.027 (0.299) 0.929  -0.014 (0.027) 0.601  0.015 (0.042) 0.723 

 Physio Category            

  0 Reference Group  Reference Group  Reference Group  Reference Group 

  ≥ 1 -11.841 (5.824) 0.046  8.947 (8.997) 0.325  1.573 (0.934) 0.096  2.924 (1.406) 0.051 

 Wait Time Group (Weeks)            

  0 - 12 Reference Group  Reference Group  Reference Group  Reference Group 

  12 - 26 -1.331 (4.526) 0.770  1.699 (6.382) 0.791  0.453 (0.715) 0.529  -0.200 (1.076) 0.853 

  > 26 1.258 (3.749) 0.738  -2.510 (6.056) 0.681  -0.089 (0.592) 0.881  -0.648 (0.894) 0.471 

 Sex            

  Female Reference Group  Reference Group  Reference Group  Reference Group 

  Male 1.144 (3.419) 0.739  -5.055 (6.088) 0.412  -0.161 (0.545) 0.769  -1.225 (0.826) 0.142 

 Charlson Index             

  0 Reference Group  Reference Group  Reference Group  Reference Group 

  ≥ 1 -0.900 (4.097) 0.827  -3.878 (5.402) 0.476  0.079 (0.637) 0.901  -0.083 (0.957) 0.931 

 SES            

  1 (Highest) Reference Group  Reference Group  Reference Group  Reference Group 

  2 3.724 (5.732) 0.518  -9.588 (10.633) 0.375  -0.103 (0.905) 0.910  -1.082 (1.383) 0.437 

  3 8.431 (5.748) 0.147  -5.472 (9.973) 0.587  -0.449 (0.909) 0.623  -0.362 (1.375) 0.793 

  4 2.845 (6.395) 0.658  5.686 (11.888) 0.636  -0.740 (1.017) 0.469  1.346 (1.522) 0.379 

  5 (Lowest) 9.865 (5.967) 0.103  -11.894 (11.750) 0.321  -0.601 (0.953) 0.530  0.115 (1.436) 0.936 

  Missing 4.403 (5.965) 0.463  -3.443 (10.180) 0.737  -0.537 (0.952) 0.574  1.588 (1.431) 0.271 

 Type of Surgery            

  AA Reference Group  Reference Group  Reference Group  Reference Group 

    TAR 2.459 (3.676) 0.506   -0.570 (5.391) 0.916   0.040 (0.586) 0.946   -1.351 (0.883) 0.131 

. 
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Appendix B  PRO Instruments 

B.1 EQ-5D VAS 
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B.2 AOS 
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B.3 PEG 
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B.4 PHQ-9 

 


