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Abstract

Background: Ankle replacement and ankle arthrodesis are standard treatments for treating end-stage ankle arthritis
when conservative treatment fails. Comparing patient-reported outcome scores to the instrument’s minimal important
difference (MID) helps physicians and researchers infer whether a meaningful change in health from the patient’s perspective
has occurred following treatment. The objective of this study was to estimate the MID of the Ankle Osteoarthritis Scale
among a cohort of operatively treated end-stage ankle arthritis patients undergoing ankle replacement or arthrodesis.
Methods: A survey package including the Ankle Osteoarthritis Scale was completed by participants preoperatively and
2 years postoperatively. Distribution and anchor-based approaches to calculating the MID were used to estimate the
MID of the Ankle Osteoarthritis Scale and its 2 domains. The distribution-based approaches used were the small and
medium effect size methods, while the mean absolute change method and linear regression method were the anchor-based
approaches. Bootstrap sampling was used to obtain the variance of MID estimates. The MID was estimated for sex, age,
operative, and baseline health subgroups. The cohort comprised 283 participants, totaling 298 ankles.

Results: The MID did not vary with sex or operative procedure. Age-based differences in MID values may exist for the
Ankle Osteoarthritis Scale total score, and MID values were generally smallest among the oldest patients. Patients with
the best and worst ankle-related health preoperatively had higher MID values than patients reporting mid-range Ankle
Osteoarthritis Scale values preoperatively.

Conclusion: The best estimate of the MID of the Ankle Osteoarthritis Scale total score is 5.81. Our findings indicate
that the MID of the Ankle Osteoarthritis Scale may not vary by sex or operative subgroups but likely varies by age and
preoperative Ankle Osteoarthritis Scale score.

Level of Evidence: Level I, prospective comparative study.
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and more active, high-demand patients or patients with
comorbidities compromising soft-tissue healing®*>** and
TAR is often recommended for patients aged 65 years or
older with lower demands.** TAR has become increas-
ingly popular®® and has been found to be more cost-effi-
cient than AA among both older and younger patients.'>3

To measure health-related quality of life, symptoms, and
functioning from the patient’s perspective, patient-reported
outcomes (PROs) are increasingly being used.!'®” Most
PROs generate an ordinal value that represents the severity
of disease, symptoms, or condition that the PRO purports to
measure. With repeated application of PROs, changes in
patients’ health status, symptoms, or function, including
before and after surgery>?’ can be measured. PROs, includ-
ing the Ankle Osteoarthritis Scale (AOS),'** have become
widely used for reporting patients’ perspectives of their foot
and ankle-related health,!®1:2%-36394144 jpcluding among
ESAA patients throughout the perioperative period.'+36:4!

Among the PRO literature, the minimal important differ-
ence (MID)—sometimes referred to as the minimal
clinically important difference (MCID)—is the smallest
amount of change in PRO value that a patient considers to
be meaningful*” For example, if the MID of a symptom-
based instrument is determined to be 5 points, patients
reporting a 3-point change in their PRO value relative to
their baseline score would not consider their symptoms to
have changed. The MID is often used to detect clinical
meaningfulness of operative interventions>?’ by comparing
changes in PRO scores between the pre- and postoperative
time points to the MID or as an endpoint in clinical effec-
tiveness research.>? The MID can provide insight into how
patients’ PRO values are expected to change over time and
can be compared between subgroups.®!°

Two studies to date have estimated the MID of the AOS
total score among ESAA patients. One study estimated the
MID of the AOS total score among ESAA patients undergo-
ing surgery to be 28.0 = 17.9 at 2 years’ follow-up.® Another
reported the MID as 12.35 at an average follow-up of 5
years postoperation.** Although estimated at different
points in time, the disparity between the MIDs is large, a
50% difference, though no evidence of a time-related
“decay” in the MID has been reported, and the contrast
leaves clinicians and interventionists without a definitive
approach to reconciling the MID for AA or TAR.

There is little evidence indicating whether the variability
in MID estimates can be attributed to subgroup differences
or study-specific contextual characteristics.’” This insight is
striking given that others have recommended that instru-
ment values of AA and TAR patients be analyzed separately,
the surgeries have different rates of revision and may also
be subject to gender, age, or ectiology of arthritis
differences.!%17:20.25:4546 The use of a single estimation of
MID may result in inappropriate conclusions regarding
interventions or misleading patient advice.'” For example,

if older patients had a much lower MID than younger
patients, they may be denied surgery that would benefit
them if a universal MID was used.

To improve understanding of what constitutes a meaning-
ful change in AOS score among operatively treated ESAA
patients, the objective of this study was to use 4 different
approaches to calculate MIDs for the AOS and its subscales
among surgery (TAR or AA), sex, and age subgroups of
patients being treated operatively for end-stage ankle arthri-
tis. The study also estimates the MID of the AOS among pre-
operative health subgroups. We aimed to compare MID
estimates across the 4 methods and test for MID differences
between patient subgroups. We hypothesized that MID val-
ues would vary between patient subgroups and that the small
effect size would provide the smallest MID estimates while
the medium effect size would produce MID values similar to
those obtained using anchor-based approaches.

Methods

Patient Recruitment and PRO Collection

This study is based on analysis of a prospectively recruited
longitudinal cohort of patients enrolled in the Vancouver
site of the Canadian Orthopaedic Foot and Ankle Society
(COFAS) study who underwent elective ankle arthrodesis
or ankle arthroplasty for the treatment of end-stage ankle
arthritis in Vancouver, Canada. Patients were recruited
into the study between March 6, 2002, and December 6,
2013. This study is based on follow-up data collected
until August 9, 2017.

Prospective participants had been treated unsuccessfully
with nonoperative management. To be eligible, patients had
to be capable of responding to the survey questions in
English (with or without assistance). Exclusion criteria
were Charcot arthropathy, osteonecrosis of talus, previous
ankle arthrodesis or replacement surgeries, and current or
prior infection, 746

Participants completed a survey package derived from
the Musculoskeletal Outcomes Data Evaluation and
Management System (MODEMS) questionnaire from
the American Academy of Orthopaedic Surgeons.
Participants completed this survey package preopera-
tively (baseline), 6 months postoperatively, and annually
thereafter.!”” Surveys included the 36-Item Short Form
Health Survey (SF-36) and the AOS, as well as questions
about demographics, comorbidities, expectations of the
operation, and outcome satisfaction.®!> As part of the
baseline surveys, patients recorded their demographics,
including sex, age at surgery, body mass index, history of
smoking, diabetes, inflammatory arthritis, and surgery
type. Each patient completed 1 survey package per ankle,
reflecting that each ankle was individually treated.
Ankles missing baseline PROs were excluded and
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removed from the data. This study required a minimum
follow-up period of 2 years, including a complete
response to the anchor question at 2 years. Additional
study details can be found in previous publications.'”#¢
Two-sample ¢ tests, adjusted for multiple comparisons,
were used to test for demographic differences between
surgery subgroups and between sex subgroups.

Participating patients provided written informed con-
sent for study enrollment prior to data collection. The
study is approved by the Research Ethics Board at St.
Paul’s Hospital, Vancouver, Canada.

Patient-Reported Outcome Measures

MODEMS. The MODEMS package was designed to
improve quality of care for patients with musculoskeletal
disorders and contains validated PROs, including the SF-36,
the AOS, and an expectation and satisfaction scale.** The
expectation and satisfaction scale is a 6-item instrument; its
carlier version that used value-based responses has demon-
strated adequate internal consistency (Cronbach alpha =
0.71) and test-retest reliability (Cohen kappa = 0.91)
among orthopedic surgery populations.*’

AOS. The AOS" is an 18-item PRO instrument consisting
of two 9-item subscales that measure ankle-related pain
and disability, separately. To complete each item, patients
placed a mark along a 100-mm horizontal line bounded on
the left by “No pain” and to the right by “Worst pain imag-
inable” for the pain scale and “No difficulty” to “So
difficult unable” for the disability scale. Each subscale
produced a numeric score between 0 and 100, and an over-
all score was calculated as the average of the 2 subscale
scores.!? Higher scores indicate greater pain, disability, or
overall ankle-related health, respectively.'” The AOS has
exhibited strong psychometric properties, including con-
struct validity,'®?° test-retest reliability,’® and negligible
ceiling and floor effects.’ It is widely used in research
specific to operative treatment of ESAA. 43641

Analysis

There are 2 commonly used approaches to estimating MID
values:  distribution- and anchor-based methods.
Distribution-based approaches to calculating the MID
express observed change in the form of a standardized met-
ric (ie, the MID) based solely on the distribution of observed
scores in a sample.?’” The effect size method is one distribu-
tion-based approach that relies entirely on the SD of the
baseline data.’” Using this method, which is based on Cohen
d statistic,”® the MID is taken as either 0.2 or 0.5 times the
SD of baseline scores.!! In this article, we refer to the for-
mer as the small effect size method and the latter as the
medium effect size method.

Anchor-based approaches to estimate the MID utilize an
external indicator that identifies patients whose health has
changed by a small but meaningful degree and that has a
nontrivial association with the PRO of interest.’’ In this
study, the anchor question was found within the expectation
and satisfaction scale of the MODEMS package (question
36),3* which queries respondents on their expectations of
the operation and satisfaction with the outcome.*®
Preoperatively, the item asks, “What results do you expect
from your treatment?” The responses range from “not at all
likely” to “extremely likely.” Postoperatively, the question
asks, “Are the results of your treatment what you expected
in terms of relief from symptoms (pain, stiffness, swelling,
numbness, weakness, instability)?” The responses are “def-
initely yes,” “probably yes,” “not sure,” “probably not,”
“definitely not,” and “not applicable.” The responses can be
treated as categorical and are also recorded as numeric val-
ues measuring from 1 (“Not at all likely”/“Definitely yes”)
to 6 (“Not applicable”). Distributions of item responses
were assessed for floor or ceiling effects.

Pearson correlation between the anchor question was
found to exceed 0.36 for the AOS overall score and its 2
subscales, indicating that the expectation question met the
recommended correlation of a suitable anchor.?>*” In addi-
tion, previous research has used this anchor question to esti-
mate the MID of the AOS total score, classifying the
“probably yes” and “probably no” subgroups, at the postop-
erative timepoint, as the minimally changed group, and tak-
ing the mean of the absolute value of the AOS score change
as the MID estimate.® The current study took the same
approach to estimating the MID?® to ensure the results of this
study were comparable to existing research.

A multiple linear-regression method was employed as an
alternative anchor-based approach.”?®3! This regression-
based method takes the slope of the linear relation between
the anchor (independent variable) and PRO score of interest
(dependent variable) as the MID and enables adjustment for
confounding variables. In this study, we fit a multiple linear
regression model with the change in MODEMS expecta-
tion/satisfaction question score as the independent variable
and the change in AOS score as the dependent variable,
adjusting for age at surgery, smoking status, and baseline
AOS scores, which are associated with a change in AOS
scores.® The model slope corresponding to the anchor was
identified as the MID value for the respective AOS subscale
or total score. 32433

To compare MID values between subgroups, a bootstrap
resampling method, with 1000 samples with replacement,
was applied to obtain estimates of the standard error of the
MID for each surgery, sex, age category, and preoperative
(baseline) subgroup. Two methods were used to test the
hypothesis that MID values differed between patient sub-
groups. First, 2-sample ¢ tests were used to compare the
MIDs between AA and TAR, as well as between males and
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Summary of Participant Demographics, Stratified by Surgery Type and Sex.

Table I.

Female
(n = 132; 44.3%)

Male
(n = 166; 55.7%)

TAR
(n = 187; 62.8%)

All

(n = 298; 100%)

P value

P value

(n = 111;37.2%)

Characteristic

.63

57.2 (12.6) 64.8 (9.1) < 001 62.6 (10.9) 61.2 (11.5)

62.0 (11.2)

Age at surgery, mean (SD)

Age, n (%)

23 (17.4)
40 (30.3)
38 (28.8)
31 (23.5)

28.7 (5.87)

20 (12.0)
47 (28.3)
49 (29.5)
50 (30.1)

27.6 (4.21)

12 (6.4)
50 (26.7)
64 (34.2)
61 (32.6)

27.7 (4.77)

31 (27.9)
37 (33.3)
23 (20.7)
20 (18.0)

28.8 (5.38)

43 (14.4)
87 (29.2)
87 (29.2)
81 (27.2)

28.1 (5.03)

=50

51-60
61-70

=70
Body mass index, mean (SD)

Diabetic, n (%)

95

.90

8 (6.1)
41 (36.1)

27 (10.2)

14 (7.5)
43 (23.0)

11 (9.9)

25 (8.4)
58 (19.5)

17 (10.2)

15 (13.5)

Inflammatory arthritis, n (%)
Smoking history, n (%)

12 9.1)
120 (90.9)

27 (15.1)

20 (10.7)
167 (89.3)

17 (15.4)

94 (84.6)

37 (12.5)
261 (87.6)

Currently smoking/quit <12 mo ago
Never smoked/quit (for >12 mo)

141 (84.9)

Abbreviations: AA, ankle arthrodesis; TAR, total ankle replacement.

females. A 1-way analysis of variance (ANOVA) was used
to test for differences in MID values between age categories
and baseline AOS categories, each with more than 2 sub-
groups. When the results of ANOVA indicated a significant
difference between age categories, pairwise ¢ tests were
used to conduct post hoc analyses to determine which MIDs
significantly differed from each other. We visually assessed
the frequency distributions of the MID statistics for normal-
ity. To adjust for multiple comparisons, we used an alpha of
0.08 as a threshold for reporting pairwise comparisons in
post hoc testing, applying Bonferroni correction to our orig-
inal alpha of 0.05.

The analyses were conducted using R studio, version
1.1.463, and SAS 9.4. For statistical tests, alpha was set at
0.05.

Results

The final sample contained 283 participants totalling 298
unique ankles. Overall and subgroup samples did not reveal
significant departures from normality,*” allowing for the use
of parametric statistical analyses, although nonparametric
bootstrap resampling methods were used to test for differ-
ences between MID values. Substantial floor and ceiling
effects were not observed.

Patients’ demographic characteristics and differences
between subgroups are presented (Table 1). In the sample,
more patients underwent TAR (63%) than AA (37%). The
mean age of all participants was 61.97 years. TAR patients
were older, on average, than those who underwent AA (P
< .001). Categorizing patients by age revealed different
age distributions between subgroups, with the majority of
TAR patients being 61 years or older (66.8%). In contrast,
the majority of AA patients were 60 years or younger
(61.2%). More than one-fifth of TAR patients (23%) had a
history of inflammatory arthritis, whereas this condition
was only present in 13.5% of AA patients. There were no
observed differences in age, body mass index, diabetes
diagnosis, smoking status, or smoking history between
male and female patients.

A summary of participants’ preoperative and 2-year
postoperative follow-up scores of the AOS are presented in
Appendix 1; at 2 years post-surgery, the difference between
preoperative and postoperative AOS total score means
(=SD) was 29.19 = 25.78.

The MID estimates, using the distribution- and anchor-
based approaches, for the overall cohort as well as each
surgery and sex subgroup are shown (Table 2). The analy-
sis found no statistically significant differences in the
2-year MIDs between AA and TAR or between males and
females using the 4 approaches. The MID for the AOS
total score, determined using the anchor-based linear
regression approach, was 5.81.

There were some statistically significant differences
between age categories’ MID estimates. After adjusting for
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Table 2. MID (Standard Error) of the AOS Scales and Instrument Total, Stratified by Operative Procedure and Sex.

Surgery Sex
MID calculation Overall AA TAR P value Male Female P value
Distribution-based approach
Effect size, small, 0.2 X SD
AOS total 3.04 (0.13) 3.03 (0.20) 3.05 (0.17) .987 3.08 (0.18) 2.89 (0.18) 751
Pain 3.29 (0.13) 3.21 (0.21) 3.34 (0.18) .844 3.18 (0.19) 3.35(0.21) .787
Disability 3.36 (0.13) 3.51 (0.23) 3.28 (0.17) 712 3.53(0.18) 3.02 (0.20) 403
Effect size, medium, 0.5 X SD
AOS total 7.61 (0.32) 7.60 (0.50) 7.62 (0.43) .979 7.70 (0.45) 7.23 (0.46) 616
Pain 8.23 (0.34) 8.03 (0.52) 8.34 (0.46) .755 7.95 (0.47) 8.38 (0.53) .669
Disability 8.40 (0.34) 8.03 (0.56) 8.19 (0.42) .560 8.83 (0.45) 7.55 (0.49) .187
Anchor-based approach
Linear regression
AOS total 5.81 (0.72) 6.64 (0.74) 5.05 (1.03) 232 5.47 (1.05) 6.41 (0.99) 510
Pain 5.42 (0.70) 6.22 (0.82) 4.65 (0.95) .240 5.05 (0.97) 6.00 (1.00) 497
Disability 6.22 (0.79) 7.13 (0.86) 5.44 (1.22) 243 5.96 (1.22) 6.82 (1.17) .575
Mean absolute change
AOS total 25.30 (1.58) 26.19 (2.67) 2481 (2.11) .529 25.26 (2.00)  25.23 (2.53) 952
Pain 25.70 (1.66) 2823 (2.93) 2427 (1.91) .074 25.79 (2.15)  25.58 (2.68) 926
Disability 26.70 (1.78) 24.89 (2.35) 27.72 (2.32) .193 27.51 (2.20) 25.71 (2.81) 424

Abbreviations: AOS, Ankle Osteoarthritis Scale; AA, ankle arthrodesis; MID, minimal important difference; TAR, total ankle replacement.

Table 3. MID Estimates (Standard Error) for All AOS Scales and the Total Score, Stratified by Age Category.

MID calculation method Overall Age =50y Age 51-60y Age 61-69y Age =70y P value
Distribution-based approach
Effect-size, small, 0.2 X SD
AOS total 3.04 (0.13) 2.64 (0.29) 2.99 (0.22) 3.13 (0.23) 3.25(0.29) 517
Pain 3.29 (0.13) 2.76 (0.29) 3.27 (0.26) 3.28 (0.23) 3.61 (0.30) .304
Disability 3.36 (0.13) 3.27 (0.30) 3.27 (0.22) 3.48 (0.25) 3.41 (0.31) .925
Effect-size, medium, 0.5 X SD
AOS total 7.61 (0.32) 6.59 (0.73) 7.47 (0.55) 7.82 (0.58) 8.12 (0.73) 517
Pain 8.23 (0.34) 6.91 (0.74) 8.18 (0.65) 8.20 (0.57) 9.03 (0.75) .304
Disability 8.40 (0.34) 8.16 (0.75) 8.17 (0.54) 8.71 (0.63) 8.53 (0.78) .925
Anchor-based approach
Linear-regression
AOS total 5.81 (0.72) 5.22 (0.90) 6.09 (0.89) 7.75 (0.74) 3.44 (1.21) 012
Pain 5.42 (0.70) 4.87 (0.84) 5.16 (0.89) 8.22 (0.69) 2.27 (1.08) <.001
Disability 6.22 (0.79) 5.56 (1.01) 7.01 (0.98) 7.28 (1.06) 4.62 (1.45) 310
Mean absolute change
AOS total 25.30 (1.58) 25.36 (4.14) 24.32 (2.50) 25.80 (2.99) 25.92 (3.44) .980
Pain 25.70 (1.66) 30.31 (3.79) 24.58 (2.68) 23.53 (2.87) 26.44 (3.78) .580
Disability 26.70 (1.78) 22.22 (4.07) 25.77 (2.63) 29.05 (3.61) 28.13 (3.93) 623

Abbreviations: AOS, Ankle Osteoarthritis Scale; MID, minimal important difference.

pairwise comparisons, there were differences in MID
between the oldest patients and younger patients; the oldest
patients had the smallest MID in most comparisons (Table 3).
The pairwise comparisons of the AOS subscales are shown in
Appendices 2, 3, and 4.

There were statistically significant differences in MID
estimates between preoperative AOS value categories

(Table 4). Depending on preoperative AOS value, the MID
differed for each of the approaches. For the linear regres-
sion method, the post hoc comparisons indicated that the
MID was statistically significantly larger (7.09) among
those who scored between 51 and 60 than among patients
whose AOS value was less than 40. Using the mean abso-
lute change method, the MID was statistically
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Table 4. MID Estimates (Standard Error) for All AOS Total Score, Stratified by Preoperative (Baseline) AOS Value, and the Pairwise
Comparison of MID Estimates Stratified by Baseline Score Categories.?

Score =40 Score 41-50 Score 51-60 Score >60
MID calculation method Overall (n = 66) (n = 84) (n = 80) (n = 68) P value
Distribution-based
Effect size, small 0.2 X SD 3.04 (0.13) 1.76 (0.14) 0.60 (0.03) 0.61 (0.03) 1.55 (0.15) <.001
Effect size, medium 0.5 X SD 7.61 (0.32) 4.40 (0.35) 1.50 (0.07) 1.52 (0.07) 3.87 (0.36) <.001
Anchor-based
Linear regression 5.81 (0.72) 3.87 (0.78) 5.49 (0.92) 7.09 (0.83) 6.14 (1.36) .148
Mean absolute change 25.30 (1.58) 17.70 (1.80) 21.63 (2.21) 24.46 (2.87) 39.09 (4.18) <.001
Pairwise comparisons
Distribution-based, 0.2 effect size
Score =40 Y Y N
Score 40-50 - N Y
Score 50-60 - - Y
Distribution-based, 0.5 effect size
Score =40 Y Y N
Score 40-50 - N Y
Score 50-60 - - Y
Anchor-based (linear regression)
Score =40 N Y N
Score 40-50 - N N
Score 50-60 - - N
Anchor-based (mean absolute change)
Score =40 Y N Y
Score 40-50 - N Y
Score 50-60 - - Y

Abbreviations: AOS, Ankle Osteoarthritis Scale; MID, minimal important difference; N, no; Y, yes.
?Pairwise tests are modified with t test. Pairs with significant P value are marked with Y.

significantly higher among the group of patients who
scored higher than 60 on the AOS preoperatively than all
lower scoring subgroups. These results indicate that the
MID of the AOS total score varies between patient groups
with different preoperative AOS scores, with the MID
typically highest among the best functioning (AOS score
less than 40) and worse functioning patients (AOS score
greater than 60), preoperatively.

Discussion

The purpose of this study was to calculate the MID of the
AOS and its 2 subscales among patients who underwent
operative treatment for ESAA. Validated MIDs are impor-
tant to clinicians and other researchers because they pro-
vide an independent end point for evaluating interventions.
It is recommended that minimally important differences
reflect population and context differences®’; however, pub-
lished MIDs for the AOS have not reflected differences
among subgroups. This study contributes a deeper under-
standing of how the MID differs by surgery or patient char-
acteristics for the 2-year end point by reporting and

comparing MID values across treatment, sex, age, and pre-
operative AOS score categories.

Overall, our sample showed improvement in ankle-
related health, indicated by a decrease in mean AOS total
score at 2 years postsurgery of 29.2 = 25.8. The improve-
ment observed in our sample is consistent with measures in
the existing literature. Another study that also measured
outcomes at 2 years postsurgery reported a mean improve-
ment in AOS total score of 31.2 = 22.7.8 A similar level of
improvement has been reported at 6 months postsurgery,
represented by an AOS score change of 28.8,3¢ as well as
among both TAR and AA subgroups in a sample with a
mean follow-up time of 5.5 years postoperation. '

This study found that the 2-year MID in AOS total score
was 25.3, standard error of 1.6, using the mean absolute
change method, which corresponds to a standardized effect
size of 0.92. This value is consistent with the 2-year MID
reported elsewhere (28.0 = 17.9) using the absolute mean
change method.® Using the linear regression anchor-based
method and the 2 distribution-based approaches, we
observed much smaller MIDs for the AOS total score (rang-
ing from 3.1 to 7.6).
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The study’s findings present a conundrum; the MID for
the overall instrument varies appreciably by the approach
used to calculate its value: distribution- and anchor-based
methods can yield very different estimates of the MID. The
challenge of reconciling the different values is not unique to
the AOS, and the literature supports triangulating results
from multiple methods. 3”47

Distribution-based approaches have been criticized for
not capturing meaningfulness from a patient perspective’’
and do not always measure the “minimal” change perceived
as meaningful to patients, but rather provide a mathematical
estimate of how far away from the mean is likely clinically
meaningful. On the other hand, it has been postulated that
half an SD (ie, the medium-effect size) yields a universal
estimate of the MID, supported by some empirical and psy-
chophysiological evidence.?*3” Distribution-based methods
are also acknowledged for generating a metric that is easy
too for clinicians to understand.’’

In the present study, the estimates of the MID obtained
using the anchor-based absolute mean change method were
much larger than calculated using the other approaches. This
method may articulate the significant difference that the
patient perceives as they move in either direction from “not
sure” to “probably yes” or “probably no.” In contrast, the
distribution-based methods, also restricted by AOS scoring,
are a function of baseline variation transformed by a factor
0f 0.2 or 0.5; the lower MID estimates produced using these
methods reflect the low variability in baseline AOS scores in
our sample and are a function of the methods themselves.
However, it is recognized that different methods will yield a
range of MID estimates; some researchers suggest that
anchor-based methods be assigned the most weight while
drawing on experience from clinical trials and conceptual
understanding of the relationship between anchor and PRO
of interest to narrow down the range of MID values.’

Based on recommendations in the literature,®>7 and
given the estimated effect size in this sample, we suggest
placing the most weight on the MID estimates for the AOS
obtained using the anchor-based linear regression method
and recommend the MID total score estimate to be 5.81. It
is reassuring that the small and medium effect size distri-
bution-based methods produced MID values on either side
of the linear regression estimate since the reputed stron-
gest method yielded estimates within the overall range of
MID values.

Regarding subgroup differences in MID values, the anal-
yses did not find evidence that the MID varies by AA or
TAR and sex, though our results suggest that a different
MID may be needed for older patients. This finding is pre-
dominantly reassuring because it provides some evidence
that the MID is robust to surgery and sex, though some
additional care is needed for evaluating the effectiveness of
surgery among older patients.

Importantly, the results support that the MID varies by
baseline ankle-related health; the MID of the AOS total
score was highest among patients with the worst and best
health. This is inconsistent with previous research investi-
gating foot-related health in a sample that underwent bun-
ion correction surgery; the study identified that smaller
improvements in functioning were meaningful for those
with higher preoperative functioning than those with worse
preoperative functioning.'® These discrepancies may, how-
ever, be clinical in nature, owing to the different challenges
that bunions and end-stage arthritis present to patients. A
possible explanation for our finding is that patients with the
worst health have higher expectations for their outcomes
and perceive only full symptom resolution as operative suc-
cess because they are admitted to surgery with the most
severe pain and disability.

In spite of our robust sample and thorough analyses, the
present study is not without limitations. Similar to other
research on MID, this study may be affected by selection
bias, because patients with worse health are more likely to
return their PROs.** Additionally, although the MODEMS
expectation and satisfaction question is the only anchor rel-
evant to ankle outcome instruments, a disease-specific
anchor may be more suitable for measuring the MID of
the AOS, but no alternative resources have yet been
published.**** Moreover, these results are limited by the
reliability of the items under study. An additional limitation
of the present study is that we did not calculate an a priori
population size for this study. The findings of this study
point to future work that is needed to explore the interaction
of the effects of age and operative groups.

Conclusions

Based on analysis of a prospective cohort of patients who
underwent TAR or AA for ESAA, the evidence supports
that differences in MID values for the AOS likely exist for
different age groups and patient groups with varying levels
of preoperative ankle-related health. No effects on MID
were found for sex or operative subgroup. Future research
can explore the etiology of subgroup differences in AOS
MID values.
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