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Article

End-stage ankle arthritis (ESAA) is a degenerative condition 
of the tibiotalar joint resulting from cartilage damage. Risk 
factors, such as obesity, age, and low muscle strength or neu-
romuscular control, contribute to the deterioration of the 
joint by directly damaging cartilage or altering the biome-
chanics of the ankle joint.1,4,21,30 However, more than 80% of 
ankle arthritis is due to previous trauma.23,31 Clinically sig-
nificant ankle arthritis results in significant functional limi-
tations and patient morbidity—painful and impaired 
mobility, rest pain, and diminished range of motion. ESAA 
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Abstract
Background: Significant ankle arthritis results in functional limitations and patient morbidity. There is a need to measure 
symptoms and the impact of interventions on patient’s quality of life using valid and reliable patient-reported measurement 
instruments. The objective of this research was to validate the Ankle Osteoarthritis Scale instrument in the preoperative 
setting using factor analysis, item response theory, and differential item function methods.
Methods: This research is based on secondary analysis of patients scheduled for ankle arthrodesis or total ankle 
replacement in Vancouver, Canada. Participants completed the instrument between September 2014 and August 2017. 
Item response theory was used to estimate item difficulty and discrimination parameters, controlling for study participants’ 
underlying level of ankle function. Differential item function was examined for sex, age group, and surgery. There were 88 
participants.
Results: Modification indices suggested that item 10, “walking around the house,” would better fit the pain domain rather 
than the disability domain. Items in the pain domain displayed a range of discrimination and difficulty. Items in the disability 
domain exhibited a range of discrimination, though the disability domain had low difficulty. Differential item functioning for 
sex, age group, and ankle arthrodesis or total ankle replacement appeared to be ignorable.
Conclusion: This evaluation of the Ankle Osteoarthritis Scale found the instrument to be a strong measure of the effect 
of pain and dysfunction among patients with end-stage ankle arthritis, even when removing items 7 and 8, supporting its 
prior use in numerous clinical studies.
Level of Evidence: Level II, prospective comparative study.
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patients report lower SF-36 mental, physical, and general 
health scores than patients with hip arthritis16 and have a 
relatively long life expectancy with high activity demands.8,36 
If the symptoms progress despite nonoperative treatment, 
surgery is offered and is most often ankle arthrodesis (AA) 
or total ankle replacement (TAR).3,4,22 Given the disability of 
ankle arthritis on patients’ quality of life, there is a need to 
measure symptom improvement and the impact of operative 
interventions on quality of life using valid and reliable 
patient-reported measurement instruments.4

Published studies evaluating ESAA effects and treat-
ment options have used the Ankle Osteoarthritis Scale 
(AOS) as a patient-reported outcome measure for quality of 
life (QoL). The AOS is a validated patient-reported out-
come (PRO) measure for ankle arthritis patients.12 The AOS 
measures 2 domains of foot and ankle-related quality of 
life: pain and disability. Each domain is measured with 9 
items. The instrument has been validated for use in Canadian 
populations using classical test theory, demonstrating 
acceptable reliability, construct, and criterion validity, and 
has been favorably received by patients,2,20,35 though analy-
ses have shown that a smaller number of items from the 
AOS may describe variability among end-stage ankle 
arthritis patients’ responses, simplifying the instrument.35

In spite of the relevant findings, there are 3 aspects of the 
AOS that have not been thoroughly studied that would fur-
ther inform understanding of the 18 items of the instrument. 
First, no studies have yet investigated the potential for dif-
ferential item functioning (DIF), which occurs when there 
are systematic differences in the measurement qualities of an 
instrument between 2 or more groups (eg, men and women 
or fusion and replacement). Second, although construct 
validity has been demonstrated through a simple correlation 
with functional disability, the study sample size was small 
(N=10) and the underlying factor structure of the instrument 
has not been examined using more sophisticated methods.12 
Finally, limited information is available on the psychometric 
characteristics of individual items/questions in the AOS. 
Modern item response theory (IRT), which assesses the rela-
tionship between each item, the underlying construct it mea-
sures, and patient characteristics, can be used to better 
understand how each item contributes to the total score.9 
This is relevant because some items in the AOS have floor or 
ceiling effects whereas other items have little variation 
between respondents that require investigation.10,32,35

In Canada, ankle arthritis causes a significant burden on 
patients and impact on provincial health spending and lost 
wages.15 The incidence and prevalence of ankle arthritis has 
risen in Canada since 2000 and is predicted to continue ris-
ing.21,30 To measure the impact of the condition on patients’ 
health, disability, and disease burden, strong instruments 
are needed. The objective of this research was to validate 
the AOS instrument in the preoperative setting using DIF, 
factor analysis, and IRT methods. The information gener-
ated from this research could provide detailed information 

regarding the measurement properties of the AOS, and it 
would be important for clinicians and outcomes research-
ers. Moreover, the findings could also identify items that 
could be applied to computer adaptive testing.

Methods

This study is based on a secondary analysis of patients 
scheduled for elective AA or TAR. Briefly, the original data 
were collected for a study measuring the preoperative health 
of patients queued for elective surgery in Vancouver, 
Canada.27 To be eligible for participation, patients had to 
speak or understand English, reside in the community and 
be at least 18 years of age. Patients scheduled for AA or 
TAR were contacted by phone to complete the AOS. 
Patients completed their preoperative surveys between 
September 2014 and August 2017. Participants’ sex, age, 
self-reported comorbidities, and procedure (AA or TAR) 
were also collected. Participants were defined as those that 
agreed to take part in the study, and nonparticipants those 
that declined. Patients who responded but completed less 
than 50% of the items were excluded from the study.

The AOS is a disease-specific instrument for the clinical 
assessment of ankle function.12 The instrument has a pain 
and disability domain, each composed of 9 items (18 items 
total). Each item is presented as a visual analog scale (VAS) 
in which participants rate their response to each item by 
placing a mark on a 100mm horizontal line. The pain domain 
ranges from “no pain” to “worse pain imaginable,” and the 
difficulty domain from “no difficulty” to “so difficult 
unable.” The location of the mark was measured and repre-
sents the patients’ score. Items’ responses in each domain 
were averaged to calculate a domain score, and the pain and 
disability score were averaged to calculate the instrument’s 
overall score. The overall score ranges from 0 (indicating 
best ankle function) to 100 (worst ankle function).

There were 208 patients eligible for participation, of 
which 98 agreed to participate and returned their survey 
packet, resulting in a participation rate of 47%. Responders 
were 3 years older than nonresponders. No other differ-
ences were observed between participants and nonpartici-
pants. Ten participants were excluded for completing less 
than half of the items of the AOS or whose surgery was 
inaccurately recorded, leaving 88 participants included in 
the study’s analysis. Among these 88 participants, 41 par-
ticipants were scheduled for surgery on their left side and 47 
participants were scheduled for surgery on their right. 
Sixty-nine percent of the study participants were male and 
the average age was 59.5 years. Patients aged between 50 
and 59 years reported higher AOS scores, as did women and 
patients with comorbidities. Patients with right-side surger-
ies reported higher AOS scores, and patients with fusion 
surgeries reported higher AOS scores. See Table 1 for sum-
mary statistics of demographic and clinical characteristics 
of participants.
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Statistical Methods

Differences between participants’ and nonparticipants’ 
demographic characteristics were evaluated using chi-
square tests. Mean domain (pain and disability), total scores 
with standard deviations across the entire sample and by 
demographic group were calculated, along with mean item 
response and standard deviation to assess floor and ceiling 
effects. Item-level missing data were also examined.

A DIF analysis was performed to determine the demo-
graphic characteristics of patients who interpreted or 
responded to a PRO questionnaire differently in a system-
atic way. For example, a DIF analysis can be used to deter-
mine whether observed differences in pain scores between 
men and women are due to differences in the type and 
severity of pain (ie, a “true” difference), or due to differ-
ences in how men and women respond to the items of a 
PRO (ie, DIF).14 Failing to detect or adjust for DIF can 
result in biased or inaccurate PRO scores.29

This study examined DIF for sex, age group, and patients 
scheduled for 2 procedures—fusion and replacement using 
the multiple-indicator multiple-cause (MIMIC) model.19,28 
The MIMIC model began by fitting a confirmatory factor 
analysis (CFA) model assuming 2 latent variables (pain and 
disability) were appropriately measured by the AOS items. A 
frequency histogram of each item’s responses was plotted to 
assess normality. Robust maximum likelihood estimation 
was to adjust for potential non-normality in item responses. 

Exogenous variables (eg, sex) were added to the model and 
tested against the model without the exogenous variables for 
statistically significant improvement in model fit using the 
chi-square difference test. Then, modification indices were 
sequentially examined to measure whether there were sig-
nificant effects of the exogenous variable on item responses 
indicating the presence of DIF. If there was evidence of DIF 
by sex or age group or the 2 procedure groups, subsequent 
analyses were run separately for these groups. If there was 
no DIF, there were likely no systematic differences in par-
ticipants’ responses to the AOS and their data could be 
pooled. As the mean age of participants was 59.7 years, age 
was dichotomized into 2 categories, those younger than 60 
years and those aged 60 and older, for evaluating DIF.

The CFA model also assessed the construct validity of 
the AOS: whether it measured pain and disability, repre-
sented by 2 underlying factors. To test whether this model 
adequately described the data, a chi-squared test of overall 
model fit, with a P value greater than .05 indicating accept-
able fit, was used. In practice, the hypothesis of perfect 
model fit was often rejected, so the comparative fit index 
(CFI), Tucker-Lewis index (TLI), standardized root mean 
square residual (SRMR), and root mean square error of 
approximation (RMSEA) were also provided. A CFI and 
TLI greater than 0.90, and SRMR and RMSEA less than 
0.08, indicated acceptable model fit.17

Item response theory (IRT) was then used to estimate 
item difficulty and discrimination parameters, controlling 

Table 1.  Summary of Demographic and Clinical Characteristics of the 88 Participants.

AOS Pain AOS Disability Total AOSa

Characteristic N Mean SD Mean SD Mean SD

Total sample 88 53.7 19.2 62.1 19.8 58.4 18.4
Operative side
  Left 41 50.3 19.9 58.4 22.0 54.8 20.1
  Right 47 56.7 18.3 65.3 17.2 61.5 16.4
Age group, y
  ≤49 13 49.7 21.0 54.8 22.6 52.6 20.7
  50-59 26 61.1 19.2 66.6 17.1 64.2 17.3
  60-69 27 51.9 21.5 61.0 21.1 57.0 20.5
  >70 22 49.4 13.0 62.4 19.1 56.7 14.9
Gender
  Male 61 52.1 20.4 60.5 19.9 56.8 19.1
  Female 27 57.2 15.9 65.8 19.2 62.0 16.7
Number of comorbidities
  0 7 43.9 25.8 56.9 24.6 51.2 23.8
  1 30 52.7 17.5 61.0 18.0 57.4 17.0
  ≥2 51 55.6 19.2 63.4 20.3 60.0 18.6
Fusion or replacement
  Replacement 34 55.4 18.9 64.1 17.0 60.3 16.5
  Fusion 54 51.0 19.7 59.0 23.5 55.5 21.1

Abbreviation: AOS, Ankle Osteoarthritis Scale.
aThe total AOS value is the average of the pain and disability domains.
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for study participants’ underlying level of ankle function. 
As the AOS items used a bounded, continuous visual ana-
log scale for each item, the continuous response model 
(CRM) was selected. Although this model has not been 
used as frequently as other IRT methods, perhaps because 
software implementations have been limited until recently, 
it had an interpretation similar to those used for binary 
response data.13,24-26,33,37,38 However, the CRM was appro-
priate for this analysis because the use of a continuous 
scale could provide more information (ie, more accurate 
estimation) about a latent construct than a graded, Likert-
style response.5,25,33

The CRM estimated 2 parameters of interest: the item 
discrimination parameter aj represented the strength of the 
association between item j and the latent variable it mea-
sured. The item difficulty parameter bj was on the same 
scale as the latent variable and represented the level of 
underlying pain or disability at which a respondent would 
select the middle of the 100-mm scale.13,33,37 Two CRM 
models would be fit, one for the pain domain and one for 
the disability domain.

Missing data is a common issue for PROs. Participants 
who responded to less than 50% of the items of the AOS 
were excluded from analysis, following practices adopted 
for low item response.34 For the remaining participants, 
multiple imputation, assuming item response was missing 
at random,18 was performed and all analyses were con-
ducted using 100 imputed data sets. Rates of item nonre-
sponse were also examined, noting that items 7 (“When you 
walked using shoe inserts or braces”) and 8 (“When you 
stood wearing shoe inserts or braces”) on the AOS were 
known to cause difficulty for respondents, because many 
respondents did not wear inserts or braces.35 Sensitivity 
analysis was also performed to compare the results of mul-
tiple imputation with complete case analysis.

Data analysis was conducted using SAS 9.4 for data 
manipulation and factor analysis. R, version 3.3.3, package 
EstCRM, was used for the continuous IRT model,37 and 
MPLUS version 7 was used for detecting Differential Item 
Functioning through MIMIC.

Results

Item Nonresponse and Mean Responses

Rates of missing data were low for most items (less than 7%), 
except for item 7 (“When you walked wearing shoe inserts or 
braces”) and item 8 (“When you stood wearing shoe inserts 
or braces”) from the pain domain. Approximately one-third 
of the sample omitted these items (36% and 35%, respec-
tively), likely because they did not use inserts or braces. This 
finding is consistent with other research on this instrument.35 
Because the rate of missing data was so high for these 2 
items, they were excluded from subsequent analysis.

Mean item responses ranged from 31.9 for item 2 (“before 
you get up in the morning”) to 71.3 for item 1 (“at its worst”) 
in the pain domain. The lowest mean item response in the 
disability domain was item 16 (“getting out of a chair”) at 
44.0 whereas the highest was item 18 (“walking fast or run-
ning”) at 87.1. Approximately 20% of the sample marked 
the maximum score (100) for this item. See Table 2 for the 
mean and standard deviation of responses for each item.

Confirmatory Factor Analysis

The CFA model fit statistics produced mixed results. 
Although the chi-square model fit statistic of 144.9 with 86 
degrees of freedom, and P value less than .001, indicating 
significant misfit, the CFI and TLI were both greater than 
0.90 and the SRMR was less than 0.80. The RMSEA was 
0.09. Modification indices and residual item correlations 
were investigated to determine any sources of misfit. 
Modification indices suggested that item 10 (“walking 
around the house”) better fit the pain domain rather than the 
disability domain. Making this alteration reduced the chi-
square statistic to 122.4, with associated P value .006, and 
reduced RMSEA to 0.07. The CFI and TLI increased 
slightly, and the SRMR was largely unaffected.

Results of this modified CFA model are provided in 
Table 3. Under this model, all factor loadings were statisti-
cally significant and ranged from 0.54 to 0.92. The latent 
pain and disability variables were statistically significantly 
and highly correlated (r = 0.89).

Table 2.  Summary Statistics of AOS Item Responses.

Pain Domain

Item Text Mean SD

1 At its worst? 71.3 19.1
2 Before you get up in the morning? 31.9 28.5
3 When you walked barefoot? 55.5 25.4
4 When you stood barefoot? 51.3 25.8
5 When you walked wearing shoes? 52.6 22.4
6 When you stood wearing shoes? 47.6 23.6
9 At the end of the day? 65.7 20.9

Disability Domain

Item Text Mean SD

10 Walking around the house? 44.6 22.8
11 Walking outside on uneven ground? 66.3 22.8
12 Walking 4 blocks or more? 72.3 24.6
13 Climbing stairs? 56.8 24.7
14 Descending stairs? 61.3 23.2
15 Standing on tip toes? 74.7 26.6
16 Getting of a chair 44.0 26.8
17 Climbing up or down curbs? 51.8 26.5
18 Walking fast or running? 87.1 18.9
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Continuous IRT Model

The results of the CRM with item 10 assigned to the pain 
domain are provided in Table 4. The items showed a range 
of discrimination in the preoperative setting. Item 2 (“before 
you get up in the morning”) and item 18 (“walking fast or 
running”) had lower discrimination parameters than the 
other items, with discrimination parameters 0.61 and 0.54, 
respectively. Item 5 (“when you walked wearing shoes”) 
and item 6 (“when you stood wearing shoes”) had the high-
est discrimination parameters at 2.31 and 2.07, respectively. 
High discrimination is a desirable characteristic, because, in 
this sample, it indicates that these items are strongly associ-
ated with pain, and are good at differentiating patients with 
high levels of pain from those with low levels of pain.

The items in the pain domain also exhibited a range of 
difficulty. Item 1 (“at its worst”) had the lowest difficulty 

estimate, at −1.26. This indicates that even patients with 
relatively low levels of pain would indicate some problems 
with pain on this item. Conversely, item 2 (“before you get 
up in the morning”) had the highest difficulty estimate at 
1.03. This means that only those individuals with high lev-
els of pain were likely to report problems with pain before 
getting up in the morning, and that this would be less com-
mon among those with low levels of pain.

Items in the disability domain also exhibited a range of 
discrimination parameters. The items with the lowest dis-
crimination included item 18 (“Walking fast or running”) 
and item 15 (“Standing on tip toes”). The items with the 
highest discrimination included item 14 (“Descending 
stairs”) and item 17 (“Climbing up or down curbs”). 
These findings suggest that among these preoperative 
patients, descending stairs or climbing up or down curbs 
were strong indicators of disability, while problems with 
walking/running or standing on tip toes may be less use-
ful at discriminating between patients with ESAA waiting 
for surgery.

Most items in the disability domain had relatively low 
difficulty, which suggests most participants in this sample 
had at least some problems with these items. Item 18 

Table 3.  Confirmatory Factor Analysis Results.

Model Results

Statistic Value P Value

χ2 122.5 86 DF .006
CFI 0.974  
TLI 0.964  
RMSEA 0.068  
SRMR 0.054  
Domain correlation 0.886 <.001

Domain 1: Pain

Item Loading SE P Value

1 0.58 0.07 .00
2 0.54 0.08 .00
3 0.88 0.03 .00
4 0.77 0.04 .00
5 0.90 0.03 .00
6 0.83 0.04 .00
9 0.74 0.05 .00

10* 0.86 0.03 .00

Domain 2: Disability

Item Loading SE P Value

11 0.83 0.04 .00
12 0.69 0.06 .00
13 0.92 0.02 .00
14 0.89 0.03 .00
15 0.61 0.07 .00
16 0.78 0.05 .00
17 0.86 0.03 .00
18 0.62 0.07 .00

Abbreviations: CFI, comparative fit index; DF, degree of freedom; 
RMSEA, root mean square error of approximation; SE, standard error; 
SRMR, standardized root mean square residual; TLI, Tucker-Lewis index.

Table 4.  Estimated Discrimination and Difficulty Parameters 
From the Continuous Response Model.

Domain 1: Pain

 
Discrimination 
Parameter (a)

Difficulty  
Parameter (b)

Item Estimate SE Estimate SE

1 0.91 0.08 −1.26 0.15
2 0.61 0.08 1.03 0.22
3 1.38 0.11 −0.25 0.08
4 1.87 0.14 −0.02 0.06
5 2.31 0.18 −0.12 0.05
6 2.07 0.16 0.09 0.05
9 1.30 0.10 −0.76 0.09

10* 0.86 0.08 0.43 0.13

Domain 2: Disability

  Discrimination 
Parameter (a)

Difficulty  
Parameter (b)

Item Estimate SE Estimate SE

11 1.40 0.11 −0.67 0.09
12 1.12 0.09 −0.80 0.11
13 1.76 0.14 −0.14 0.06
14 1.98 0.15 −0.45 0.06
15 0.70 0.07 −1.32 0.20
16 1.00 0.08 0.29 0.11
17 1.68 0.13 −0.11 0.06
18 0.54 0.11 −2.50 0.53
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(“Walking fast or running”) had the lowest difficulty esti-
mate at −2.56. Almost everyone in this sample indicated 
problems with this item. The items with the highest diffi-
culty were item 17 (“climbing up or down curbs”) at −0.10 
and item 16 (“getting out of a chair”) at 0.34, indicating 
these items were more of a concern for patients with high 
levels of disability due to ESAA.

Differential Functioning by Age Category, Sex 
and Surgery

Following the MIMIC procedure, as shown in Table 5, 
there was also some evidence of DIF on the basis of sex 
(the net change of chi-square statistic is 5.75 with 1 degree 
of freedom change and P value .018) for item 1 (“at its 
worst”). Women underreported their pain by about 7.3 
points, on average, compared to men with similar levels of 
underlying pain for this item. No other items demonstrated 
DIF by sex, suggesting a very limited sex-related measure-
ment difference.

Including age category as an exogenous variable did sta-
tistically significantly improve the CFA model overall. The 
chi-squared statistic net change is 6.29 with 1 degree of 
freedom change and P value less than .013. Only item 5 
(“when you walked wearing shoes”) had evidence of DIF. 
Patients less than 60 years of age underreported their pain 
by about 4 points on average compared to patients older 
than 60.

The DIF for surgery (AA or TAR) found that patients 
scheduled for fusion surgery over-reported 5.3 points on 
item 18 (“Walking fast or running”).

Although several items indicated some degree of DIF 
based on sex, age group, and procedure groups, the magni-
tude of the DIF was small (less than 10% of the 100-point 
scale), and would be partially evened out after averaging 
item scores across domains. The remaining analysis pro-
ceeded under the assumption of no differential functioning.

Sensitivity Analysis

There were no meaningful differences when using com-
plete case analysis rather than multiple imputation, sug-
gesting data was largely missing at random. There were no 

substantial differences in model fittings with CFA models 
when analyzing raw data and when analyzing the imputed 
data. The absolute difference in factor loading for item 2 
was 0.035, the absolute differences for all other items were 
less than 0.02.

Discussion

This study examined the measurement characteristics of the 
AOS in a sample of patients awaiting AA or TAR in a major 
Canadian teaching hospital. This study observed a trend of 
higher scores for women and those with comorbidities, 
which is also consistent with previous research.12 
Interestingly, the higher scores in pain and disability on the 
AOS among women appears to be a real difference in this 
sample, and not the result of differential functioning. Only 1 
item in the pain domain was identified as exhibiting DIF, 
and suggested that women underreported pain relative to 
men on that item. This suggests that the women in this sam-
ple were more strongly affected by ESAA than were men. 
Participants in this study had generally high levels of preop-
erative pain and disability as measured by the AOS, with 
mean scores in the range of 50 to 60 points, typical of 
patients planning to undergo AA or TAR.6,11

Item nonresponse was low for the AOS, with the excep-
tion of items 7 and 8 that ask about using shoe inserts or 
braces, which more than one-third of the sample omitted. 
Because nonresponse to these items has been documented 
previously, it is suggested that future administrations of the 
AOS omit these items.

Although the results of the CFA model were somewhat 
mixed, after moving item 10 to the pain domain, all of the 
model fit statistics except the chi-squared test met the rec-
ommended threshold demonstrating adequate model fit. In 
addition, factor loadings were generally strong and statisti-
cally significant. This study confirms the pain and disability 
construct validity of the AOS when excluding items 7 and 
8, and moving item 10 to the pain domain. It is unclear why 
item 10 was more strongly associated with pain in this sam-
ple than with disability. Previous research proposed elimi-
nating items that were highly correlated to each other and 
creating 2 redefined domains of measurement.35 This study 
affirms that the AOS, as originally constructed, offers robust 

Table 5.  Differential Item Function Results.a

Exogenous 
Variable AOS Item Identified

Effect 
Estimate SE P Value

Model χ2 
Difference (DF) Model P Value

Sex (female) 1 (“At its worst”) −7.32 2.30 .015 5.75 (1) .018
Age (<60 y) 5 (“When you walked wearing shoes”) −4.37 1.72 .011 6.29 (1) .013
Procedure (fusion) 18 (“Walking fast or running?”) 5.25 2.22 .018 5.43 (1) .021

Abbreviation: AOS, Ankle Osteoarthritis Scale; DF, degree of freedom; SE, standard error.
aOne degree of freedom for each exogenous variable.
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information when one accounts for items 7, 8, and 10. 
Future research, especially those with larger samples or 
from different clinical settings, should further investigate 
these issues.

The CRM analysis provided important information dem-
onstrating the generally positive measurement qualities of 
the AOS. Although the items exhibited a range of discrimi-
nation, most items were strongly associated with the latent 
variable they intended to measure. This means that most of 
the items of the AOS appear to be relevant to patients, were 
able to accurately measure pain and disability, and differen-
tiate between patients with higher levels of pain and dis-
ability from those with lower levels.

As this study is based on preoperative patients with 
ESAA, item 18 (“Walking fast or running”) may have been 
anticipated to have had low discrimination as most patients 
report a high level of pain. Analyses of postoperative data 
may reveal that item 18 has high discrimination, indicative 
of pain relief after surgery. Item 2 (“Before you get up in 
the morning”), however, may be less useful as it appears to 
perform poorly and be less clinically relevant. The diffi-
culty estimates provide an indication of which items are 
most relevant only to patients with high levels of pain or 
disability, such as item 2 (“Before you get up in the morn-
ing”), item 10 (“Walking around the house”), and item 16 
(“Getting out of a chair”). This finding is in line with the 
clinical progression of the disease. Those with more 
advanced ankle arthritis, such as participants scheduled for 
surgery in this study, may experience pain even at rest or 
difficulty with basic tasks.

While this study did uncover evidence of DIF by sex and 
age category, it appears that the effect would be small. Both 
age and sex only produced DIF on 1 item of 16, and the 
magnitude was only 4.4 to 7.3 points of 100. Surgery pres-
ents DIF on item 18, though the magnitude of the effects are 
likely ignorable. This suggests that the AOS is appropriate 
for measuring ankle pain and disability for men and women, 
for both younger and older patients and for patients waiting 
for fusion and replacement surgery. However, future 
research should continue to monitor for evidence of DIF, 
and determine whether any scoring adjustments or changes 
to the instrument are necessary.

There are several limitations to this study. First, the 
response rate was low, although not unusual for studies of 
this kind,7 and the potential for selection bias cannot be 
eliminated. Including nonsurgically managed patients may 
have strengthened the generalizability of the study’s find-
ings. Second, this study excluded items 7 and 8 from analy-
sis, and shifted item 10 to the pain domain in the CFA and 
IRT models. This means the results from this study for the 
pain domain are not comparable to studies that included 
these 2 items. As this sample was limited to patients with 
ESAA and scheduled for elective ankle fusion or replace-
ment surgery in Vancouver, Canada, the results may not 

generalize to patients in other clinical contexts, such as 
patients undergoing nonoperative management of ankle 
osteoarthritis, those waiting for other procedures, or in the 
postoperative state, nor could this study untangle the role of 
surgeon in item’s responses. Although the amount of miss-
ing data for included items was slight, it is possible that the 
study’s treatment of missing data was not appropriate, pos-
sibly affecting the findings. Finally, patients in other coun-
tries with different models of access to care may also have 
a different response.

Conclusion

Our evaluation of the AOS found the instrument to be a 
strong measure of the effect of ankle arthritis on pain and 
dysfunction, even when removing items 7 and 8, support-
ing its prior use in numerous clinical studies. This study 
supports that 16 of the 18 AOS items have psychometric 
properties useful for baseline clinical assessment of 
patients with end stage ankle arthritis. Future research 
should investigate which items best capture functional 
change after operative management with fusion or replace-
ment and whether a shortened instrument, such as the 
Ankle Arthritis Score, has the same positive measurement 
characteristics.
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