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Article

Introduction

The objectives of surgery for end-stage ankle arthritis are to 
address the patient’s activity-related pain and associated 
loss of ankle function and improve their overall health-
related quality of life.12,21 The 2 most common operative 
strategies are ankle arthrodesis (AA) and total ankle replace-
ment (TAR).23 There is a dearth of research regarding 
patients’ perspectives of their AA or TAR surgery across 
multiple domains of physical and mental health.

To understand the patients’ perspective of their AA or 
TAR surgery, all dimensions of health should be consid-
ered, not simply individual ankle function. Patient-reported 
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Abstract
Background: There is little research investigating which aspects of health-related quality of life change following ankle 
arthrodesis and total ankle replacement surgery. The objective of this study was to report on statistically and clinically 
relevant changes in multiple dimensions of health-related quality of life among patients undergoing ankle replacement or 
fusion surgery.
Methods: This study was based on a prospective sample of ankle arthrodesis and total ankle replacement patients. 
Participants complete the Ankle Osteoarthritis Scale, EuroQoL’s EQ-5D-3L, the Patient Health Questionnaire–9, and 
the pain intensity, interference with enjoyment of life, and general activity pain instrument. Instruments were completed 
preoperatively and postoperatively. Multivariate regression models were used to measure the change in health-related 
quality of life outcomes, adjusting for demographic, clinical, and health service utilization.
Results: Participants achieved statistically significant improvements in health-related quality of life in each domain of 
measurement. The majority of participants reported clinically significant improvement in pain. Mild depressive symptoms 
were common, and clinically significant improvement in depression symptoms occurred in 22% of patients. Gains in health 
were more pronounced among participants reporting the worst preoperative health in all domains quality of life measured.
Conclusions: Pain showed a clinically important improvement among 64% of participants whereas 22% reported a clinically 
meaningful improvement in their depression symptoms postoperatively. Clinically significant gains in health-related quality 
of life were not experienced by all participants in all dimensions. Further research is warranted to better understand the 
failure of some patients to improve in dimensions of health studied.
Level of Evidence: Level III, comparative study.
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outcomes (PROs) are increasingly being used to measure 
patients’ self-reported health and quality of life.34 PROs are 
questionnaires that ask patients about specific dimensions 
of their health-related quality of life,3,19 including physical 
and mental health status,18 symptom severity, and 
interference.16

PROs have been described as generic when they mea-
sure broad aspects of health, such as mental and physical 
health, or condition-specific when they measure condition- 
or anatomic-specific health. PROs have been reported 
extensively in the literature for measuring effectiveness of 
hip and knee arthroplasty, though their application is less 
common or standardized for measuring ankle function or 
effectiveness of ankle interventions.9,10,27,40

There is recent evidence of the value of incorporating 
PROs for measuring outcomes and health-related quality of 
life among AA and TAR patients. Croft et al investigated 
the relationship between self-reported ankle-related-health 
with the need for revision surgery,11 whereas others report 
associations between preoperative PRO scores and hospi-
talization length of stay.46,52 However, the existing research 
is limited by which domains of patient’s health were mea-
sured and smaller sample sizes.14,38 These are important 
limitations given reportedly high prevalence of depression 
and psychological distress in osteoarthritis and orthopedic 
patients.24,49

The goal of this study was to measure changes in health-
related quality of life during the perioperative period attrib-
utable to AA or TAR surgery for end-stage ankle arthritis in 
a number of domains of health. This study adjusted for the 
use of community-delivered physiotherapy in operative 
outcomes.44,56

Methods

Patient Recruitment

This study was based on a cohort of prospectively enrolled 
participants scheduled for elective AA or TAR for operative 
treatment of end-stage ankle arthritis. The setting of the 
study was Vancouver Coastal Health (VCH) Authority, a 
geographically defined health delivery region in British 
Columbia, Canada, and home to more than 1 million resi-
dents. Prospective participants were identified after being 
scheduled for AA or TAR with one of 4 foot and ankle 
surgeons.

Eligible patients were community-dwelling, 19 years of 
age or older, able to respond to survey questions in English 
with or without assistance, and scheduled for surgery at 
least 14 days from being registered on the operative queue. 
Patients who were scheduled for revision of AA or TAR 
were not included. Eligible patients were contacted via 
phone by VCH to participate and were carried out indepen-
dently to surgical appointments.

Participants were sent a survey package in the mail or a 
secure link to an online survey package preoperatively. 
Participants received up to 2 reminder telephone calls or 
emails to complete their survey package. The survey pack-
age included a checklist of common chronic health condi-
tions, 4 PROs, and contact information of study personnel. 
Participants completed a second survey package 6 months 
postoperatively that included the same PROs. Data for this 
study were collected between September 2015 and October 
2018. VCH Legal and Privacy Office completed a Privacy 
Impact Assessment and the University of British Columbia’s 
Research Ethics Board approved this study.

Instruments

The EQ-5D-3L was used to evaluate general health.18 This 
instrument is composed of 5 items, each corresponding to 
one of the following domains: mobility, self-care, usual 
activities, pain/discomfort, and anxiety/depression. Each 
item was ranked on a 3-level scale of no problems, some 
problems, and severe problems. Participants also rated their 
overall health using a continuous visual analog scale (VAS) 
ranging from 0 (Worst imaginable health state) to 100 (Best 
imaginable health state). The EQ-5D-3L has been used with 
orthopedics patients,5,20,22 and has been used in studies eval-
uating ankle surgery patients.25

To investigate self-reported disability and pain severity 
attributable to end-stage ankle arthritis, participants com-
pleted the Ankle Osteoarthritis Scale (AOS).31,55 The AOS is 
used widely in foot and ankle research and has generally per-
formed well on advanced psychometric analysis.12,16,42 This 
18-item condition-specific instrument is divided into two 
9-item subscales for pain and disability. To complete each 
item, patients placed a mark along a 100-mm horizontal line 
bounded on the left as “No pain/difficulty” and on the right as 
“Worst pain imaginable / So difficult unable.” An overall 
score was calculated as the average of the 2 subscale scores.

Twenty percent of orthopedic patients are estimated to 
suffer from symptoms of depression.24,49 As depressed 
patients have worse postoperative outcomes33,45 and 
require more lengthy follow-up,28 the Patient Health 
Questionnaire–9 (PHQ-9) was used in this study to mea-
sure participants’ self-reported symptoms of depression.50 
The instrument has been used in orthopedics,4,49 adminis-
tered to patients with ankle injuries,7 and has seen increas-
ing use with orthopedic patients.51,52 This instrument 
measured functional impairment and symptoms due to 
depression. Participants responded to 9 items, each ranked 
on a 4-point Likert scale ranging from 0 (Not at all both-
ered) to 3 (Bothered nearly every day). A total score was 
calculated by summing the item scores. Scores greater 
than 10 were considered clinically significant depression, 
whereas scores above 15 and 20 corresponded to moderate 
and severe depression, respectively.37
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Pain is an important indication for surgery and a major 
opportunity for postoperative improvement among orthope-
dic patients.39 This study measured pain using the pain 
intensity (P), interference with enjoyment of life (E), and 
general (G) activity instrument.36 Known as PEG, this 
3-item instrument consists of 1 pain intensity item and 2 
pain interference items. Items are scored on a scale of 0 (No 
pain/interference) to 10 (pain as bad as you can imagine/
complete interference). The PEG instrument’s total score is 
calculated as the average of the 3 items, and scores greater 
than 3 are indicative of high levels of pain.43 The PEG has 
been validated in patients presenting with musculoskeletal 
pain in primary care35,36 and is complementary to the ankle-
specific questions in the AOS.

Analysis

Participants’ PRO data were linked with their hospital dis-
charge summary and outpatient rehabilitation clinic visits 
by VCH. An anonymized data set was made available to 
the study team for analyses. Participants’ characteristics 
included age, sex, Charlson Comorbidity Index, represent-
ing their cumulative morbidity calculated from patients’ 
hospital discharge summary (53), and a neighborhood-
level indicator of socioeconomic status (SES). The analy-
sis included an indicator representing patients’ AA or 
TAR.

Age was summarized by 4 categories, 50 years of age 
and under, between 51 and 60, between 61 and 70, and over 
70 years. SES was included in analyses because lower SES 
is associated with poorer postoperative outcomes, including 
increased pain and reduced physical function.13,26 SES was 
determined from Canadian census data independent of this 
study, and shown categorized into 5 quintiles.54 For presen-
tation, a sixth quintile was included for patients with miss-
ing SES data.

As there is evidence of an association between delayed 
access to treatment and poorer outcomes,6,48 the analysis 
included an integer variable representing the duration of 
patients’ wait for surgery in weeks. This variable was defined 
by time between registration for surgery and surgery date. 
Wait time was summarized with 3 categories: 12 weeks or 
less, between 13 and 26 weeks, and greater than 26 weeks.

The analysis included a count of the number of partici-
pants’ visits to publicly funded outpatient physiotherapy in 
the 180 days following discharge. There is research demon-
strating the effectiveness of community-delivered rehabili-
tative services in hip and knee replacement patients for 
alleviating pain and optimizing recovery.1,30,44 Physiotherapy 
is associated with improved short- and medium-term levels 
of physical function, pain, and range of motion.1 In this 
study, privately paid rehabilitative services, which are 
thought to be common, were not observable and are a limi-
tation of the results.

Demographic and clinical characteristics of participants, 
as well as utilization of publicly funded outpatient physio-
therapy and wait time categories, are summarized by counts 
and percentages.

Each of the PROs were measured with continuously-
valued variables. Means and standard deviations were cal-
culated for the EQ-5D VAS, AOS, PEG, and PHQ-9 
instruments, measuring health status, ankle-related quality 
of life, pain and depression, respectively. Unadjusted 
change in PRO values were reported, defined as the preop-
erative PRO value subtracted from the postoperative PRO 
value. The values were reported for the entire sample and 
for each demographic and clinical characteristic category. 
Differences between preoperative and postoperative values 
were measured using the paired t test, noting that no adjust-
ment for multiple comparisons was used since the analyses 
was exploratory.

For each instrument and patient, an indicator variable 
was calculated representing whether the patients’ change 
marked a clinically meaningful improvement, or achieved 
the change in PRO value that a patient would report to have 
been important or meaningful following surgery. This 
threshold was reported as the minimally important differ-
ence (MID).

This study assumed that the MID for the EQ-5D VAS is 
7.0, noting that the MID for the EQ-5D VAS has been 
reported as 7.47 A clinically significant change in the AOS 
was assumed to be the value of 28, derived using an anchor 
question-based approach.8 For the PHQ-9, a clinically sig-
nificant change was reported to be an MID value of 5 points 
or more.41 For this study, a value of 5.0 was assumed to be 
the minimum change in PHQ-9 value that a patient would 
report the surgery to have been important or meaningful. 
This study assumed that a value of 1.0 is the change in PEG 
value that a patient would report the surgery to have been 
important or meaningful.17

For each instrument, the change in PRO value (postop-
erative score minus preoperative score) was adjusted for 
participant demographic and health services utilization 
characteristics by regressing the described predictors for 
each PRO instrument against participants’ EQ-5D VAS, 
AOS, PEG, and PHQ-9 scores, respectively. The linear 
regression models included a term for preoperative PRO 
value as an explanatory variable. Although missing data for 
PROs was less than 1%, multiple imputation by chained 
equations with 100 imputations was used, which assumed 
that missing data was missing at random. All analysis was 
carried out in SAS, version 9.4.

Results

There were 190 patients eligible to participate. Among 
them, 46.7% participated and completed preoperative and 
postoperative PROs. This participation rate provided a 
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sample of 89 participants who underwent AA or TAR. 
Participants were, on average, 2 years older than nonpartici-
pants (statistics not shown). No other differences were 
observed between participants and nonparticipants. 
Descriptive statistics of the characteristics of the sample are 
provided in Table 1.

Most participants were female (60.7%) and did not have 
other chronic health conditions (88.8%) reported on their 
hospital discharge. AA was more common (68.5%). 
Participants were distributed evenly across age groups and 
SES categories. The majority of patients waited for their 
surgery more than 26 weeks. Only 9% of participants 
received publicly funded physiotherapy in the 180 days fol-
lowing their surgery.

As shown in Table 1, the average gain in EQ-5D VAS 
score was 6.6 points, a statistically significant improve-
ment. Many of the sample’s subgroups had a statistically 
significant gain in VAS score. However, women partici-
pants older than 50 years and participants who received 
publicly funded physiotherapy did not achieve statistically 

significant gains in VAS score. Among all participants, 42% 
had a gain in the VAS score that exceeded the MID. 
Although participants from both operative groups had sta-
tistically significant changes in VAS score on average, 
53.6% of the TAR group experienced a gain in score greater 
than the MID compared to 37.7% in the AA group.

Among participants, the average gain in the AOS score 
was 28.8, a statistically significant change. Analysis found 
that 45.5% of participants had a change in the AOS score 
that exceeded the instrument’s MID of 28.0; the largest 
improvements were among participants with the highest 
preoperative values (worst health). Improvements in AOS 
values found that only 25% of the youngest participants’ 
gain in AOS scores exceeded the MID.

The results shown in Table 2 for pain (the PEG instru-
ment) demonstrate that all subgroups of participants 
reported lower levels of pain postoperatively, with the 
exception of the 9% of participants receiving publicly 
funded physiotherapy services. Among all participants, the 
majority (64%) reported a change in pain that exceeded the 

Table 1. Summary Statistics of Participant Demographic and Clinical Characteristics, EQ-5D VAS and AOS Scores, and Percentage 
Exceeding Instruments’ MID Value.a

EQ-5D VAS AOS

Characteristic n %
Preoperative 
Mean (SD)

Postoperative 
Mean (SD)

Difference 
P Value

Percentage 
Exceeding MID

Preoperative 
Mean (SD)

Postoperative 
Mean (SD)

Difference 
P Value

Percentage 
Exceeding MID

Overall 89 100.0 65.4 (18.8) 72 (16.2) .003 42.7 60.5 (19.7) 31.7 (20.2) <.001 45.5
Age group  
 ≤50 y 16 18.0 57.1 (17.1) 74.0 (16.0) .002 56.3 66.3 (17.8) 43.6 (20.2) .005 25.0
 51-60 y 32 36.0 65.9 (16.3) 67.7 (16.1) .645 37.5 64.5 (16.2) 28.9 (19.0) <.001 71.4
 61-70 y 26 29.2 69.0 (18.7) 76.3 (14.6) .077 38.5 48.9 (24.6) 30.0 (21.6) .049 21.4
 >70 y 15 16.9 66.9 (24.5) 71.5 (18.5) .309 46.7 67.1 (10.8) 27.3 (19.6) .001 62.5
Sex  
 Female 54 60.7 66.2 (18.3) 71.6 (16.8) .058 40.7 65.8 (13.3) 39.6 (20.8) <.001 33.3
 Male 35 39.3 64.2 (19.6) 72.5 (15.4) .019 45.7 56.9 (22.7) 27.1 (18.8) <.001 53.9
Charlson Comorbidity Index  
 0 79 88.8 66.9 (17.9) 72.6 (16.3) .016 41.8 60.6 (18.7) 32.7 (20.6) <.001 44.4
 ≥1 10 11.2 53.7 (22.4) 67.6 (15.2) .047 50.0 60.0 (26.1) 27.2 (19.1) .038 50.0
SES  
 1 (highest) 13 14.6 71.5 (15.8) 70.0 (15.3) .759 23.1 69.0 (14.6) 35.7 (14.9) .001 57.1
 2 20 22.5 68.9 (19.2) 70.8 (16.4) .887 40.0 55.9 (16.0) 30.5 (23.2) .018 33.3
 3 17 19.1 59.1 (21.3) 72.8 (15.1) .003 70.6 64.1 (21.6) 31.6 (20.6) <.001 66.7
 4 11 12.4 62.1 (22.9) 68.7 (24.3) .212 36.4 66.9 (20.0) 49.1 (27.3) .120 0.0
 5 (lowest) 14 15.7 67.9 (18.2) 77.8 (11.8) .070 35.7 61.5 (16.3) 6.2 (6.1) .229 66.7
 Missing 14 15.7 63.0 (14.3) 71.1 (15.6) .156 42.9 55.0 (24.5) 30.6 (17.8) .013 41.7
Surgery flag  
 AA 61 68.5 65.7 (18.3) 71.7 (16.6) .030 37.7 61.6 (18.3) 31.2 (19.7) <.001 56.7
 TAR 28 31.5 64.9 (20.2) 72.7 (15.5) .031 53.6 58.1 (23.3) 33.2 (22.7) .027 21.4
Wait time, wk  
 0-12 34 38.2 68.5 (14.3) 73.6 (14.5) .076 32.4 53.2 (21.4) 32.0 (16.5) .001 43.8
 13-26 19 21.3 60.1 (24.1) 68.9 (20.4) .081 52.6 67.4 (20.1) 37.9 (15.8) .009 40.0
 >26 36 40.4 65.4 (19.0) 72.2 (15.3) .080 47.2 63.1 (17.1) 27.7 (25.9) <.001 50.0
Community physiotherapy visits  
 0 81 91.0 65.6 (17.9) 73.0 (15.8) .001 44.4 60.1 (19.9) 30.5 (19.8) < .001 23.5
 ≥1 8 9.0 63.4 (27.1) 61.9 (17.3) .845 25.0 66.3 (20.4) 45.0 (24.4) .343 12.5

Abbreviations: AA, ankle arthrodesis; AOS, Ankle Osteoarthritis Scale; MID, minimally important difference; SD, standard deviation; SES, socioeconomic status; TAR, total 
ankle replacement; VAS, visual analog scale.
aPhysiotherapy visits are within 180 days of discharge.
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MID of the PEG instrument. Improvements in pain were 
more pronounced among males than females, with 74% of 
males reporting improvement in pain that exceeded the 
MID.

Among participants, the average change in the PHQ-9 
depression score was 1.7 points, a statistically significant 
improvement, though only 22% of participants’ gain in 
PHQ-9 score exceeded the MID of 5 points.

Table 3 demonstrates that the 2 important indicators of 
gain in health are participants’ preoperative overall health 
status (EQ-5D VAS) and ankle-specific health (AOS) 
scores, confirming that participants with the worst preop-
erative health experienced the largest gains. The number of 
publicly funded outpatient physiotherapy visits was nega-
tively associated with changes to the VAS score, a finding 
that bears additional research.

The results of Table 4 demonstrated that the most signifi-
cant factor associated with improvement in pain (the PEG 
instrument) and depression (the PHQ-9 instrument) was 
participants’ preoperative status. Participants with the worst 

pain or depression experienced the largest improvements. 
Demographic factors did not appear to be associated with 
gain in health.

Figure 1 summarizes the changes of participants’ scores 
on the 4 instruments with the MID for each overlaid on the 
figures to illustrate the distance between the instruments’ 
preoperative values with postoperative values and MID. 
The figure illustrates that, on average, the mean change in 
pain (PEG) exceeded the MID by a significant margin. The 
mean change of the AOS and VAS scores marginally 
exceeded the MID. The mean change of depression (PHQ-
9) did not exceed the MID.

Figure 2 shows a scatterplot of participants’ PEG pain 
and PHQ-9 depression scores preoperatively and postopera-
tively. Participants in the upper right quadrant, of both pan-
els, had high pain and clinically significant depression. 
Ideally, participants would move from their preoperative 
point to the lower left quadrant. The scatterplots illustrate 
that PEG pain values tended to decrease whereas PHQ-9 
values tended not to decrease as markedly.

Table 2. Summary Statistics of Participant Demographic and Clinical Characteristics, PEG and PHQ-9 Scores, and Percentage 
Exceeding Instruments’ MID Value.a

PEG PHQ-9

Characteristic n %
Preoperative 
Mean (SD)

Postoperative 
Mean (SD)

Difference 
P Value

Percentage 
Exceeding MID

Preoperative 
Mean (SD)

Postoperative 
Mean (SD)

Difference 
P Value

Percentage 
Exceeding MID

Overall 89 100.0 5.8 (2.5) 3.5 (2.5) <.001 64.0 6.1 (5.7) 4.4 (4.4) .002 22.5
Age group  
 ≤50 y 16 18.0 6.1 (2.7) 3.4 (2.6) .001 62.5 8.6 (6.9) 5.1 (5.3) .034 25.0
 51-60 y 32 36.0 6.0 (2.4) 3.9 (2.3) <.001 59.4 6.3 (5.3) 5.1 (4.8) .247 28.1
 61-70 y 26 29.2 5.6 (2.4) 3.1 (2.7) .001 73.1 4.5 (5.0) 3.8 (3.1) .390 11.5
 >70 y 15 16.9 5.5 (3.0) 3.6 (2.5) .012 60.0 6.1 (5.6) 3.4 (4.3) .008 26.7
Sex  
 Female 54 60.7 5.8 (2.4) 3.6 (2.4) <.001 57.4 6.2 (5.6) 4.9 (4.8) .056 20.4
 Male 35 39.3 5.8 (2.8) 3.4 (2.6) <.001 74.3 6.0 (5.9) 3.8 (3.6) .008 25.7
Charlson Comorbidity Index  
 0 79 88.8 5.7 (2.5) 3.5 (2.5) <.001 60.8 6.0 (5.6) 4.5 (4.4) .010 20.3
 ≥1 10 11.2 7.2 (2.6) 4.1 (2.5) .014 90.0 7.3 (6.1) 4.3 (4.1) .033 40.0
SES  
 1 (highest) 13 14.6 5.5 (3.0) 3.7 (2.4) .009 61.5 5.4 (6.5) 3.7 (3.8) .265 38.5
 2 20 22.5 5.3 (2.4) 3.6 (2.3) .023 55.0 7.4 (6.0) 4.2 (4.3) .014 30.0
 3 17 19.1 6.5 (2.2) 3.8 (2.4) <.001 76.5 7.6 (4.9) 4.8 (3.7) .005 23.5
 4 11 12.4 6.4 (2.3) 3.5 (2.8) .003 63.6 5.3 (3.7) 5.3 (4.9) 1.000 0.0
 5 (lowest) 14 15.7 5.4 (3.0) 3.1 (3.3) .033 50.0 4.7 (5.8) 3.8 (5.3) .423 21.4
 Missing 14 15.7 6.1 (2.5) 3.4 (2.1) .004 78.6 5.4 (6.5) 5.1 (4.8) .871 14.3
Surgery flag  
 AA 61 68.5 5.8 (2.6) 3.5 (2.5) <.001 63.9 6.2 (5.9) 4.8 (4.7) .039 21.3
 TAR 28 31.5 6.0 (2.5) 3.6 (2.6) <.001 64.3 6.1 (5.1) 3.7 (3.7) .014 25.0
Wait time, wk  
 0-12 34 38.2 5.5 (2.6) 3.3 (2.2) <.001 67.7 5.7 (5.5) 4.4 (5.0) .108 23.5
 13-26 19 21.3 6.4 (2.6) 4.1 (2.5) .002 63.2 6.9 (7.2) 4.8 (4.2) .138 26.3
 >26 36 40.4 5.8 (2.5) 3.5 (2.8) <.001 61.1 6.1 (5.0) 4.3 (3.9) .027 19.4
Community physiotherapy visits  
 0 81 91.0 5.9 (2.6) 3.4 (2.5) <.001 66.7 6.1 (5.7) 4.2 (4.2) .001 23.5
 ≥1 8 9.0 5.5 (2.6) 4.8 (2.3) .470 37.5 6.6 (6.0) 6.8 (6.0) .951 12.5

Abbreviations: AA, ankle arthrodesis; MID, minimally important difference; PEG, pain intensity (P), interference with enjoyment of life (E), and general (G) activity 
instrument; PHQ-9, Patient Health Questionnaire–9; SD, standard deviation; SES, socioeconomic status; TAR, total ankle replacement.
aPhysiotherapy visits are within 180 days of discharge.
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Discussion

The results of this study demonstrate that AA or TAR sur-
gery significantly impacted some, but not all, dimensions 
of self-reported health-related quality of life. Specifically, 
the majority of participants experienced clinically mean-
ingful pain relief. Almost one-half of participants’ change 
in ankle-related quality of life and overall health status 
exceeded the MID.

This study found that within the constellation of physical 
and mental impairments associated with end-stage ankle 
arthritis, mild depressive symptoms were common, particu-
larly in the younger age group. Unexpectedly, 22% of 
patients achieved clinically important gains in their depres-
sive symptoms by the 6-month postoperative time point. A 
small number of patients indicated clinically significant 
levels of depression both preoperatively and postopera-
tively. As the current clinical recommendations are for 
simultaneous treatment of pain and depression to optimize 
outcomes,2 screening for depression in the perioperative 

period and providing referrals to mental health resources 
may be warranted to improve mental health outcomes.

This study found that in each dimension of health sur-
veyed, participants with the poorest preoperative health 
experienced the greatest improvements in health. A finding 
that supports the notion that when a surgeon and patient 
arrive at a mutually agreeable decision to proceed with 
reconstruction of their end-stage ankle arthritis, the most 
severely affected patients benefit the most across multiple 
dimensions of health and could be triaged appropriately.

Notably, the adjusted results showed that participants 
who had more publicly funded outpatient physiotherapy vis-
its had smaller improvements in EQ-5D VAS scores measur-
ing overall health status. This finding may be an artifact of 
participants having poorer prognosis being referred to out-
patient physiotherapy at higher rates, though there were few 
participants who received publicly funded outpatient phys-
iotherapy and limited the study’s ability to measure relation-
ships between publicly funded outpatient physiotherapy and 
demographic characteristics or clinical variables.

Table 3. Regression Analysis Results for Change in EQ-5D VAS and AOS Scores.

EQ-5D VAS AOS

Regression Variable Coefficient (SE) P Value Coefficient (SE) P Value

Intercept 46.342 (9.194) <.001 12.001 (19.239) .533
Number of outpatient physiotherapy visits –1.336 (0.605) .027 1.370 (0.960) .153
Preoperative PRO score –0.625 (0.097) <.001 –0.378 (0.171) .027
Age group  
 ≤50 y Reference group Reference group
 51-60 y –8.567 (4.855) .078 –8.203 (9.583) .392
 61-70 y –2.447 (5.285) .643 14.088 (11.719) .230
 >70 y –3.167 (5.817) .586 –11.822 (12.132) .330
Sex  
 Female Reference group Reference group
 Male 1.838 (3.582) .608 –11.645 (7.625) .127
Charlson Comorbidity Index  
 0 Reference group Reference group
 ≥1 2.019 (5.582) .718 –5.500 (9.953) .581
SES  
 1 (highest) Reference group Reference group
 2 1.175 (5.738) .838 –11.176 (12.768) .382
 3 8.258 (5.762) .152 –11.547 (11.670) .323
 4 2.596 (6.477) .689 3.641 (16.361) .824
 5 (lowest) 8.559 (5.919) .148 –26.003 (16.550) .117
 Missing 3.508 (5.952) .556 –8.197 (11.723) .485
Type of surgery  
 AA Reference group Reference group
 TAR 2.167 (3.635) .551 2.667 (9.070) .769
Wait time, wk 0.022 (0.075) .774 –0.091 (0.146) .533

Abbreviations: AA, ankle arthrodesis; AOS, Ankle Osteoarthritis Scale; MID, minimally important difference; PRO, patient-reported outcome; SD, 
standard deviation; SE, standard error; SES, socioeconomic status; TAR, total ankle replacement; VAS, visual analog scale.
aFor the EQ-5D VAS, positive coefficients correspond to an improvement in a patient’s self-reported health. For the AOS, negative regression 
coefficient values correspond to improvements in self-reported health.
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Even though a plurality of participants waited more than 
26 weeks for their surgery, this study found no evidence of 
a relationship between the wait for surgery and gain in 
health 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 knee arthroplasties and hallux val-
gus procedures.15,53

Aspects of this study align with previous research; the 
overall mean change in AOS scores of 28.8 was similar to 
those reported by others.12,14,38 Interestingly, this study 
found clinically important improvements in self-reported 
depressive symptoms among 22% of patients, a finding that 
is not concordant with previous research,32 and provides 
some support for mild depressive symptoms not being a 
contraindication to surgery for end-stage ankle arthritis.

There are a number of 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 nonparticipants, there may be unobserved participation 
bias. In addition, this study measured the change in PROs 6 
months after surgery; other studies have suggested different 
follow-up durations. Also, this study investigated primary 
AA and TAR surgeries and may not be reflective of revision 
surgeries.

Importantly, the EQ-5D VAS, PEG, and PHQ-9 instru-
ments, measuring health status, pain, and depression, 
respectively, are generic instruments, not specific to the 
symptomatology of foot and ankle conditions. Generic 
instruments have typically been thought to be less respon-
sive to operative interventions, likely based on the observa-
tion that patient responses may well be influenced by other 
important conditions outside the ankle undergoing opera-
tive reconstruction. Although these instruments have been 
validated in broad samples of patients, the MID values used 
in this study may not be appropriate for patients undergoing 
AA and TAR surgery.29 This limitation suggests that addi-
tional research on the MID establish whether the value is 
robust among AA and TAR surgeries and whether the 

Table 4. Regression Analysis Results for Change in PEG and PHQ-9 Values.a

PEG PHQ-9

Regression Variable Coefficient (SE) P Value Coefficient (SE) P Value

 Intercept 1.701 (1.204) .162 1.403 (1.708) .412
 Number of outpatient physiotherapy visits 0.137 (0.099) .169 0.242 (0.149) .104
 Preoperative PRO score –0.622 (0.107) <.001 –0.548 (0.074) <.001
Age group  
 ≤50 y Reference group Reference group
 51-60 y 0.377 (0.777) .629 1.437 (1.234) .244
 61-70 y –0.250 (0.825) .762 1.348 (1.337) .313
 >70 y –0.044 (0.936) .963 –0.221 (1.455) .879
Sex  
 Female Reference group Reference group
 Male –0.131 (0.575) .820 –1.526 (0.894) .088
Charlson Comorbidity Index  
 0 Reference group Reference group
 ≥1 –0.179 (0.897) .843 –0.640 (1.329) .630
SES  
 1 (highest) Reference group Reference group
 2 –0.086 (0.913) .925 –0.646 (1.383) .640
 3 –0.457 (0.939) .628 –0.031 (1.434) .983
 4 –0.739 (1.058) .487 1.303 (1.576) .409
 5 (lowest) –0.544 (0.972) .577 0.323 (1.462) .825
 Missing –0.526 (0.975) .591 1.660 (1.462) .256
Type of surgery  
 AA Reference group Reference group
 TAR 0.036 (0.588) .951 –1.115 (0.888) .209
Wait time, wk –0.004 (0.012) .711 –0.004 (0.018) .833

Abbreviations: AA, ankle arthrodesis; PEG, pain intensity (P), interference with enjoyment of life (E), and general (G) activity instrument; PHQ-9, 
Patient Health Questionnaire–9; PRO, patient-reported outcome; SE, standard error; SES, socioeconomic status; TAR, total ankle replacement.
aFor the PEG and PHQ-9 instrument values, negative regression coefficient values correspond to improvements in self-reported health.
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values are robust among subgroups. Also, the findings 
regarding a potential relationship between postoperative 
outcomes and physiotherapy are limited to this study’s use 
of observable publicly funded occurrences, and likely sig-
nificantly underrepresent the totality of participants’ phys-
iotherapy utilization. The reported lack of association 
between wait for surgery and failure to see expected 
improvement postoperatively may be limited by the small 
sample size and associated lack of power to detect such an 
association.

This study highlights the multiple dimensions of health 
inherent to the human condition, and that although a single 
PRO score can help quantify the patient’s perspective in a 
given dimension, use of multiple and appropriate PROs rep-
resenting multiple dimensions of health is likely warranted 
to be important. Although computer adaptive testing offers 
one elegant solution moving forward, further investigation 
is still required to better understand which questions, and in 

which clinical scenarios, for specific dimensions of health 
best capture the ankle patient’s perspective.

This study found that AA and TAR surgery was statisti-
cally and clinically effective in improving ankle-related 
symptoms and pain interference. However, although gains 
in other dimensions of health and depression symptoms 
were present, gains in these aspects of health-related qual-
ity of life were smaller. Gains in health were significantly 
enhanced among participants reporting the poorest preop-
erative health. This study has significant implications to 
postoperative care and discharge planning instructions for 
AA and TAR patients.

Conclusion

Among participants, there was a clinically important 
improvement in pain scores among 64% of the partici-
pants. Also, 22% of the participants reported a clinically 

Figure 1. Boxplots of preoperative and postoperative health status (EQ-5D) VAS, ankle-related quality of life (AOS), pain (PEG), and 
depression (PHQ-9) values compared with horizontal dashed lines of the MID. For the VAS, the dashed line represents the MID value 
relative to the mean preoperative score, and postoperative values above this line indicate improvements that exceed the MID. For 
the AOS, PEG, and PHQ-9, the scale is reversed, and the dashed line represents the MID relative to the mean preoperative score for 
each instrument. Postoperative values below the dashed line indicate improvements in health that exceed the MID. Each instrument 
has a different maximum value: 100 for the VAS and AOS, 30 for the PEG, and 27 for the PHQ-9. AOS, Ankle Outcomes Score; MID, 
minimally important difference; PEG, pain intensity (P), interference with enjoyment of life (E), and general (G) activity instrument; 
PHQ-9, Patient Health Questionnaire–9; MID, minimally important difference; VAS, visual analog scale.
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meaningful improvement in their depression symptoms 
postoperatively, though clinically significant gains in 
health-related quality of life were not experienced by all 
participants in all dimensions.
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