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Background: The minimal clinically important difference (MCID) is an important instrument
in the interpretation of changes in patient-reported outcome measures (PROM). To our knowl-
edge, no MCID of the Western Ontario Osteoarthritis of the Shoulder Index (WOOS) score has
ever been reported and no studies have reported an MCID for the Oxford Shoulder Score (OSS)
based on patients with glenohumeral osteoarthritis, treated with an anatomical total shoulder
arthroplasty (aTSA). The aim of this study was to determine MCID for WOOS and OSS in
a cohort of patients with glenohumeral osteoarthritis treated with an aTSA.

Methods: All patients treated with an aTSA for glenohumeral osteoarthritis at our institution
between March 2017 and February 2019 were included. Each patient completed the WOOS
and the OSS preoperatively and one year postoperatively. At one year, the patients were
asked to rate their overall improvement on a 7-point scale. We used an anchor-based method
as our primary method to calculate the MCID, supported by two different distribution-based
methods.

Results: A total of 45 primary aTSA were included. The MCID of WOOS was 12.3 according
to the anchor-based method and 14.2 and 10.3 according to the two distribution-based methods.
The MCID of OSS was 4.3 according to the anchor-based method and 5.8 and 4.3 according to
the two distribution-based methods.

Conclusion: The anchor-based method is considered superior to the distribution-based
method, and therefore we advocate to use this as MCID. For patients with glenohumeral
osteoarthritis treated with an aTSA, the MCID values were 12.3 points for WOOS and 4.3
points for OSS. To our knowledge, this is the first study to report a MCID value for WOOS
and the first study to report a MCID value for OSS in this subgroup of patients.
Keywords: minimal clinically important difference, glenohumeral osteoarthritis, anatomical
total shoulder arthroplasty, patient reported outcome measures

Introduction

Patient reported outcome measures (PROM) are a popular instrument in measuring
the effect of a given treatment. PROMs are defined as self-evaluated measurements
of any aspect of a patient’s health status, without interpretation of the patient’s
response by a clinician or anyone else.' PROMs can be used to assess a treatment
effect in both research and clinical settings by comparing the baseline and the
follow-up scores. However, the interpretation of change in scores is difficult if the
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clinical relevance is unknown. The minimal clinically
important difference (MCID) can be used in the interpreta-
tion of changes in PROM scores. The MCID is defined as
the smallest meaningful change in a health domain that
a patient would identify as important.

The use of anatomical total shoulder arthroplasty
(aTSA) for glenohumeral osteoarthritis has increased in
recent years,” and PROMs are often used to monitor and
evaluate the effect.” Two frequently used PROMs are the
Western Ontario Osteoarthritis of the Shoulder Index
(WOOS)** and the Oxford Shoulder Score (OSS).%’

The WOOS and OSS are also used to monitor the results
of shoulder arthroplasty on a national level by the Danish
Shoulder Arthroplasty Register,® the Swedish Shoulder
Arthroplasty ~ Register,”  the Orthopaedic
Association National Joint Replacement Registry,'” the

Australian

British National Joint Registry,'' the New Zealand Joint
Registry'? and the Dutch Arthroplasty Register.'

To our knowledge, the MCID of WOOS has never
been reported, which is confirmed in a recent systematic
review.'* However, Razmjou et al reported the substantial
clinical benefit (SCB) of WOOS, which, in contrast to
MCID, is defined as the improvement in score that pro-
vides a substantial clinical benefit to the patient."”

The MCID of OSS has only been reported in four
studies.>'*"'® One study'® reported the MCID for OSS based
on patients with inflammatory or degenerative rheumatic dis-
ease treated with either TSA, hemiarthroplasty, synovectomy
or subacromial bursectomy. One study'” included patients with
a wide range of diagnoses and both operative and non-

218 focused on non-

operative treatment. Two studies
operative treatment in patients with subacromial impingement
syndrome and rotator cuff disease, respectively.

Obviously, due to the above, there is a large gap in the
orthopaedic literature regarding the MCID for WOOS in
general and the MCID for OSS based on patients with
treated with an aTSA.
Therefore, it would be of great future benefit to all clin-
icians and researchers using these PROMs if the MCID for
WOOS and OSS was determined in a cohort of patients

with glenohumeral osteoarthritis treated with an aTSA,

glenohumeral osteoarthritis

which was the aim of this study.

Materials and Methods

Outcome Measures

The Western Ontario Osteoarthritis of the Shoulder index

(WOOS) is a disease-specific patient-reported outcome.'’

There are 19 questions divided into four domains: Physical
symptoms, sports and work, lifestyle and emotions. Each
question is answered on a visual analogue scale ranging
from 0 to 100. The overall score ranges from 0 to 1900,
with 1900 being the worst. For ease of interpretation, the
scores are often converted to a percentage of the maximum
score. For the present we used the Danish version of
WOOS which was translated according to international
guidelines®® and validated using classical test theory in
a cohort of patients treated with shoulder arthroplasty for
osteoarthritis.*!

The Oxford Shoulder Score (OSS) was conceived as
a measurement tool for the assessment of pain and func-
tion after elective shoulder surgery.”> There are 12 ques-
tions with each item scored from 0 to 4. The overall score
ranges from 0 to 48, with 48 being the best. We use
a Danish version of OSS which was translated according
to international guidelines and validated using classical
test theory.”® The validation was performed primarily on
patients with painful rotator cuff disease.

Patients

We used a consecutive series of 58 Global Unite
Anatomical Shoulder Arthroplasties (DePuy Synthes,
Raynham, Massachusetts, United States of America)
which was used for primary osteoarthritis. Each arthro-
plasty was included as independent cases. All procedures
were performed by one of seven experienced shoulder
surgeons between March 2017 and February 2019 at
Herlev/Gentofte University Hospital, Denmark. The fol-
lowing inclusion and exclusion criteria were met in the
enrolment of patients:

Inclusion Criteria
1. Primary glenohumeral osteoarthritis independent of
previous joint preserving surgery,
2. Osteoarthritis on plain radiographs with standard
anterior-posterior and lateral projections,
3. Insufficient effect of non-surgical treatment with
symptoms severe enough to justify shoulder
arthroplasty,
4. ASA scores 1-3, physically fit for surgery and

rehabilitation.

Exclusion Criteria
1. Below 18 years of age,
2. Cognitive or linguistic impairment,
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3. Rotator cuff insufficiency defined as rotator cuff
lesions or grade 2 fat infiltrations on MRI according

2425 verified with

to the Goutallier classification
impaired functional strength and perioperative
findings,

4. Insufficient glenoid bone-stock or large (>1 cm)
humeral bone cysts on CT verified with periopera-
tive findings,

5. ASA scores 4-5.

Each patient was asked to complete the WOOS and the
OSS preoperatively and one year postoperatively. In
one year, the patients were asked to rate their overall
improvement on a 7-point scale. The following question
was asked: What is the function of your shoulder today,
compared to before your surgery? With the following
answer options: (1) disaster, (2) much worse, (3) slightly
worse, (4) unchanged, (5) slightly better (6) much bet-
ter, (7) recovered. Afterwards, the answers were divided
into the following groups: (1) patients who indicated
that they were slightly worse, unchanged or slightly
better were classified as not importantly changed, and
(2) patients who indicated that they were much better or
recovered were classified as importantly improved. The
answer options disaster and much worse are categorized
as importantly worsened and excluded from the anchor-
based analysis, however, no patients reported this
(Table 1).

Statistics

In general, two different approaches are used to deter-
mine the MCID. The anchor-based method uses an
external variable and
between this variable and the PROM. The distribution-
based method is based on the statistical characteristics

of the obtained PROM scores.?® It has been recom-
127

then examine the relation

mended by Revicki et al®’ to use an anchor-based

Table | Distribution of Self-Rated Improvement

Patients %
Disaster 0 0
Much worse 0 0
Slightly worse 2 5
Unchanged [ 2
Slightly better 10 24
Much better 22 52
Recovered 7 17

MCID
a distribution-based method to provide secondary evi-
dence for that MCID.

The primary method in this study was the anchor-based

method as primary evidence for and

method which includes patient’s own assessment of
improvement, resulting in an extra dimension in the calcu-
lations. The anchor-based method we used, combines
patients’ own experience of improvement, in terms of
their response to the anchor question, with their reported
change in PROM scores. This is a frequently used
method”®>? where the MCID is calculated as the differ-
ence in mean improvement between the not importantly
changed group and the importantly changed group defined
by the anchor question.

To support the results of the anchor-based method, we used
two different distribution-based methods. The first method is
based on the standard error of measurement (SEM):>?

SEM =8D-vV1—r

where one SEM is equivalent to the MCID.** SD is the
standard deviation of the baseline scores and r is a measure
of reliability, represented by the Cronbach’s a.

The second distribution-based method is based on
the mean standard deviation of the SD values of the
PROM scores at baseline, follow-up and the difference
between baseline follow-up.*> The half of this mean
standard deviation has been proven to be a reasonable
estimate of MCID in a systematic review by Norman

et al.>®

SD(baseline) + SD(followup) + SD(difference)

MCID =0.5 - 3

We reported mean values. This is considered reasonable,
as the preoperative scores are approximately normally
distributed, while the postoperative scores are right-
skewed (a tendency for more values at the high end of
the score), but with no major outliers.

SPSS was used for the statistical analysis (IBM Corp,
Armonk, NY, USA). The level of statistical significance
was set at p < 0.05 and p-values were 2-tailed.

Results

Data of 58 primary aTSA were reviewed. 8 patients
declined to participate in the 1l-year follow-up and 5
patients were lost to follow-up. 3 patients had an incom-
plete WOOS and 2 patients had an incomplete OSS. This
leaves 42 patients for the distribution-based analyses based
on WOOS and 43 patients for the distribution-based ana-
lyses based on OSS (Figure 1).
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[ 58 patients ]

N Declined to participate
(n=8)

[ 50 patients ]

Lost to follow-up
(n=5)

45 patients ]

WOOS
Incomplete WOOS }- i

(n=3)
42 patients

Missing anchor-question reply le.
(n=3)

0OSs
1 _{ Incomplete OSS

(n=2)

Missing anchor-question reply
(n=3)

>

[ 39 patients ] [42 patients ] [43 patients ] [40 patients ]

Anchor-based Distribution-based

Figure | Flowchart of included patients.

3 patients did not answer the anchor question, leaving
40 and 39 patients, respectively, for the anchor-based
analysis (Figure 1).

The grade of glenohumeral osteoarthritis were classi-
fied in each patient according to the Walch classification.”’
The classifications were based on a consensus decision by
two experienced shoulder surgeons (Table 2).

The mean preoperative and postoperative WOOS was 33
and 82 respectively, resulting in a mean improvement of 49
points (95% CI 42.3-56.6, p<0.001) (Table 3). The mean
preoperative and postoperative OSS was 22 and 40, respec-
tively, resulting in a mean improvement of 18 points (95% CI
15.5-20.9, p<0.001) (Table 3). Mean age at the time of surgery
was 65 years (SD 8.76) and 64% of the patients were women.

WOOS

Anchor Based Method

The mean improvement in WOOS was 39.8 in the not
importantly changed group and 52.1 in the importantly
changed group (Table 4). This resulted in an anchor-
based estimate of MCID for WOOS at 12.3.

Distribution-based Anchor-based

Standard Error of Measurement

The standard deviation of the mean preoperative
WOOS was 19.1 and Cronbach’s a was 0.45. This
resulted in the following standard error of measure-
ment, corresponding to an estimate of MCID for
WOOS at 14.2:

MCID = SEM =19.1 - V1 -0.45 =142

Mean Standard Deviation

Half of the mean SD of WOOS at baseline, follow-up and
the difference between baseline and follow-up resulted in
an estimate of MCID of 10.3 for WOOS:

19.14+19.7 4 23.1

MCID = 0.5 3

=103

OSS

Anchor Based Method

The mean improvement in OSS was 15.4 in the not
importantly changed group and 19.7 in the importantly

Table 3 PROM Outcomes

PROM? Minimum | Maximum Mean
Table 2 Distribution of Patients According to the Walch
. . (SD)
Classification
Walch E P ¢ WOOS® | Preoperative 5.5 74.1 33.0 (19.0)
e requency ercen (n=42) | Postoperative | 222 97 | 823(197)
Al 15 333 Difference —0.1 89.9 49.3 (23.1)
A2 6 13.3
BI 6 133 Oss© Preoperative 5 37 22.2 (8.9)
' (n =43) Postoperative 17 48 40.4 (7.6)
B2 12 26.7
Difference -6 36 18.2 (9.0)
C 6 13.3
Total 45 100.0 Notes: *Patient-reported outcome measures. "Western Ontario Osteoarthritis of
the Shoulder Index. “Oxford Shoulder Score.
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Table 4 WOOS Outcomes Classified According to Anchor-
Based Groups

Group Minimum | Maximum Mean
(SD)
Not Preoperative 5.5 45.6 25.5 (13.1)
importantly Postoperative 222 97.8 65.3 (23.7)
changed Difference 9.1 69.1 39.8 (19.8)
n=12)
Importantly Preoperative 6.1 74.1 36.0 (20.1)
improved Postoperative 46.7 99.7 88.1 (13.4)
(n=27) Difference —0.1 84.1 52.1 (23.4)

changed group (Table 5). This resulted in an anchor-based
estimate of MCID for OSS at 4.3.

Standard Error of Measurement

The standard deviation of the mean preoperative OSS was
8.9 and Cronbach’s a was 0.58. This resulted in the fol-
lowing standard error of measurement, corresponding to
an estimate of MCID for OSS at 5.8:

MCID = SEM =89-v1—-0.58=5.8

Mean Standard Deviation

Half of the mean SD of OSS at baseline, follow-up and the
difference between baseline and follow-up resulted in an
estimate of MCID for OSS of 4.3:

8.9+7.6+9.0

MCID = 0.5 - 3

43

Discussion

To our knowledge, this is the first study reporting the
MCID for WOOS and the first study reporting the MCID
for OSS based on patients with glenohumeral osteoarthritis
treated with an aTSA.

Table 5 OSS Outcomes Classified According to Anchor-Based
Groups

Group Minimum | Maximum Mean
(SD)
Not Preoperative 6 35 17.9 (9.6)
importantly Postoperative 17 47 33.3 (8.3)
changed Difference -6 33 15.4 (10.1)
(n=13)
Importantly Preoperative 5 37 234 (8.1)
improved Postoperative 31 48 43.2 (5.0
(n=29) Difference 5 36 19.7 (8.6)

The assessment and implications of MCID in relation
to the PROMs is an important topic in research and in
clinical settings. It can be used by researchers in sample
size calculations and when results are interpreted, and by
clinicians when deciding on individual patient’s treatment.
In the future, it is no longer necessary to use MCID values
for OSS based on other diagnoses, and researchers and
clinicians now have a MCID estimate for WOOS that can
be used for patients with a shoulder arthroplasty for gle-
nohumeral osteoarthritis.

The MCID value have been reported to differ between
pathologies and subgroups of patients.”® Therefore, it is
important to clarify, that the MCID values calculated in
this study can only be used for patients treated with an
aTSA for osteoarthritis. For other diagnoses and treat-
ments, the results from this study should be used carefully.

As no previous MCID for WOOS has been reported,
our estimates cannot be cross-checked. Thus, we suggest
to use 12.3 points as the MCID for WOOS. However,
other kinds of metrics to measure clinical improvements
have been reported. Newly published data on SCB' on
WOOS indicates that patients need to improve between
45.5 and 53.3 points to be considered as substantial clin-
ical better. And a study by Sciascia et al*” reported that the
minimum postoperative score that most correctly identified
a patient as satisfied was 18, corresponding to a converted
score of 82 points.

A systematic review'* reported a mean MCID for OSS
at 6 points, ranging from 5 to 6.9 based on four studies. In
the present study, the MCID for OSS was 4.3 points for
the anchor-based method and 4.3 and 5.8 for the two
distribution-based methods. The reason for the lower
MCID in our study is speculative but, as previously men-
tioned, the MCID depends on diagnoses and treatment.

Many methods of estimating MCID have been used
and there is no consensus on a “gold standard”.>*® If
possible, we would have added a second anchor-based
method based on a receiver operating characteristic
(ROC) curve. The ROC-curve is made by plotting the
sensitivity against 1-specificity at different threshold
points corresponding to the improvements in PROM
scores. However, this was not possible because of the
great improvements in WOOS and OSS. For patients
who reported to be only slightly better, the improvement
in WOOS was 44.5 and even in those reporting no clinical
improvement or worse, the WOOS improved 16 points.
Thus, there are virtually no points on a ROC-curve corre-
sponding to the low values of WOOS, and therefore it was
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not possible to determine a MCID using this method. To
determine MCID based on a ROC-curve, a much larger
population is needed to obtain enough values from the
lower end of the ROC-curve.

It is therefore clear, that this study has a major limita-
tion. The small sample size, with only 45 patients in the
overall analysis and 39 patients in the anchor-based ana-
lysis, may raise concerns on the validity of the results.
Nevertheless, the results of this study are the first of their
kind and we therefore still consider them to be of high
relevance in their function as preliminary data for future
studies. In continuation of this study, we therefore highly
recommend future studies with much larger populations to
validate and cross-check the findings in this study.
Additionally, in order to have specific MCID values for
other diagnoses and treatments we advocate the MCID to
be determined for as many PROMs, with associated sub-
groups, as possible.

Conclusions

For patients with glenohumeral osteoarthritis treated with an
aTSA the MCID values were 12.3 points for WOOS and 4.3
points for OSS. To our knowledge, this is the first study to
report a MCID value for WOOS and the first study to report
a MCID value for OSS based on patients with glenohumeral
osteoarthritis treated with an aTSA. Therefore, these values
lead to a great future benefit for researchers and clinicians in
the interpretation of WOOS and OSS. We acknowledge, how-
ever, that this is a preliminary study with a small sample size,
setting the stage for future studies with much larger popula-
tions that may be able to validate data found in this study.

Abbreviations
PROM, Patient reported outcome measures; MCID,
Minimal  clinically important difference; aTSA,

Anatomical total shoulder arthroplasty; WOOS, Western
Ontario Osteoarthritis of the Shoulder Index; OSS, Oxford
Shoulder Score; SCB, Substantial clinical benefit.
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