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Abstract

Il lesions of the shoulder.

for the EQ-5D3L.

Background: To assess responsiveness of five outcome measures at four different follow-ups in patients with SLAP

Methods: 119 patients with symptoms and signs, MRI arthrography and arthroscopic findings were included. The
Western Ontario Shoulder Instability Index (WOSI), Oxford Instability Shoulder Score (OISS), EuroQol (EQ-5D3L), Rowe
Score and Constant-Murley Score (CMS) were assessed at baseline, 3, 6, 12 and 24 months. The analysis contains
both anchor-based and distribution-based methods, and hypothesis testing.

Results: Confidence intervals for ROC cut-off values, representing MID, for OISS, CMS and EQ-5D3L crossed zero at
3 months. Cut-off values were stable between 6- and 24-months follow-up. At 24-months ROC cut-off values (95%
Cl) were: Rowe 18 (13 to 24); WOSI 331 (289 to 442); OISS 9 (5 to 14); CMS 11 (9 to 15) and EQ-5D3L 0.123 (0.035 to
0.222). MIDgsgqiimir €Stimates were substantially higher than ROC cut-off values and MIDyean at all follow-ups for all
instruments. The reliable change proportion (RCP) values in the improved group were highest for WOSI and the
Rowe Score (ranging from 68 to 87%) and significantly lower for CMS. EQ-5D3L had the lowest values (13 to 16%).
We found a moderate correlation between mean change scores of the outcome measures and the anchor, except

Conclusions: In patients with SLAP ll-lesions the patient reported OISS and WOSI and the clinical Rowe score had
best responsiveness. Our results suggest that 3 months follow-up is too early for outcome evaluation.

Keywords: Minimal important difference, MCID, Responsiveness, SLAP, Shoulder, EQ-5D3L, Clinical scores, PROMS

Background

Clinical scores, and patient reported outcome measures
(PROMS) are recommended for evaluation of treatment
effects in patients with shoulder disorders. Over the last
decades, the patient perspective has been considered in-
creasingly important [1] and shoulder specific and gen-
eric health related quality of life outcome measures may
replace clinical scores [2]. The shoulder specific
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questionnaires commonly include questions about pain
and activities in daily life. The questionnaires are devel-
oped for shoulder patients in general or for specific sub-
groups, for example patients with instability. The
answers are transformed into metrics and the scientific
field handling the corresponding issues are labelled psy-
chometrics or clinimetrics [3, 4]. Researchers and clini-
cians should keep in mind that some information is lost
when pain and disability are transformed into metrics
and that responsiveness is a word used to describe sports
cars [5]. Clinimetric responsiveness describes the ability
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of an outcome measure to detect a change that is not at
random.

Generic quality of life questionnaires, like the EuroQol
(EQ-5D3L), are often applied as an utility index in cost
effectiveness studies [6], despite the fact that its reliabil-
ity and usefulness in shoulder patients have been ques-
tioned [7]. While a possible advantage of questionnaires
is that they may be answered online to save time and
costs of consultations and travel, the clinical scores pro-
vide additional information about range of motion,
muscle strength and stability that may be important for
the clinician and the patient. However, observations are
prone to blinding and inter- and intra-rater measure-
ment error.

An outcome measure in patients with a shoulder dis-
order should be evaluated for reliability and validity. Re-
sponsiveness refers to the validity of change scores while
criterion validity refers to the validity of a single score.
Hypothesis testing is recommended to assess validity.
Hypotheses should be predefined and assess the direc-
tion and difference in change. The minimal important
difference (MID) provides the clinician with an estimate
of the difference between no change and minimal
change on the outcome measures according to patient
perceived improvement and is commonly used as a
measure of responsiveness. The MID is different from a
moderate or large treatment effect and the proportion of
patients above MID in a study is not equivalent with the
success rate. There are several methodological concerns,
for example: What is the best follow-up time for a valid
assessment of MID? Are the measures of responsiveness
different for clinical scores and PROMS? How should
MID be estimated, and how should uncertainty both in
measurement and in methodology be considered?

There are no outcome measures developed specifically
for patients treated for SLAP- lesions [8]. The 1998 ver-
sion of the Rowe Score, WOSI, OISS and EQ-5D3L have
previously been validated at 6 months [7-9]. The CMS is
a recommended clinical score for all types of shoulder
disorders but has not been validated for use in patients
with SLAP lesions [10]. The aim of the present study
was to compare the responsiveness of these five different
outcome measures at four different follow-ups (3, 6, 12
and 24 months) in patients with SLAP II lesions using
both anchor- and distribution-based methods. The sec-
ond aim was to evaluate validity of the outcome mea-
sures by hypothesis testing.

Methods

Study design and settings

This is a prospective methodology study combining the
use of distribution- and anchor-based methods, and hy-
potheses to assess responsiveness of outcome measures
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in patients with type II SLAP lesions from 3 to 24
months follow-up.

Patients were recruited from the outpatient clinic at
the Department of Orthopaedic Surgery at Lovisenberg
Diaconal Hospital between January 2008 and January
2014. They were originally enrolled in a blinded, three-
armed, randomized, sham-controlled study with a 24
months follow-up assessing the clinical effectiveness of
arthroscopic labral repair and biceps-tendinosis in pa-
tients with type II SLAP lesions [11, 12]. Some of these
patients were included in a study of responsiveness at 6
months follow-up [9]. The patients enrolled were be-
tween 18 and 60 years old and had experienced shoulder
pain and disability for at least 3 months prior to inclu-
sion, despite having received non-operative treatment
(physical therapy, non-steroid anti-inflammatory drugs,
corticosteroid injections). They had symptoms, clinical
findings and MR —arthrography indicating type II SLAP
lesion. The diagnosis was confirmed during arthroscopy.
The inclusion- and exclusion criteria, and a flow chart,
have been described in detail previously [11, 13]. We ob-
tained written informed consent from all participants.
Ethics approval (IRB00001870) was received from the
Ethics Committee Health Region Southeast, Oslo,
Norway. The protocol was registered at ClinicalTrials.
gov (NCT00586742).

Patients enrolled in the study completed the WOSI,
OISS and EQ-5D3L at baseline and at 3, 6, 12- and 24-
months follow-up. Comparisons between groups have
been published previously [11]. The clinical Rowe score
(1988-version) and CMS were completed by one single
experienced Manual Therapist (@S) at all follow-ups.

Outcome measures

We used previously translated and validated Norwegian
versions of the patient reported WOSI [14], OISS [15] and
EQ-5D3L [7, 16]. All outcome measures including the
Rowe score and CMS are described in Table 1 [17, 18].

Anchor for important change

The anchor was an assessment of change of symptoms
on a continuous scale ranging from - 9 (worst possible
change of symptoms) to 9 (best possible) and Rowe pa-
tient evaluation [19]. This is a question were patients
state their shoulder as “Excellent”, “Good”, “Fair” or
“Poor”. To divide patients into groups of improved/un-
changed/deteriorated both questions were combined
using distribution plots. This is further described in the
statistics section and in Fig. 1.

Sample size

Sample size was calculated to accommodate the RCT
and was above the general recommendations for estima-
tion of MID [11, 20, 21].
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Table 1 Outcome measures
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Outcome Domains

measure

Score

Patient rated outcome measures

WOosI* 21 questions answered on a continuous scale from 0 to 100 covering physical symptoms; sports;
recreation and work; lifestyle; and emotions

OISs* 12 questions with five response alternatives (5 to 0 points) covering instability, daily activities, pain,
work, social life, sports/hobbies, attention to the shoulder problem, lifting and lying position

EQ-5D 5 questions with three response categories covering mobility; self-care; usual activities; pain/dis-

comfort; and anxiety/depression
Clinician evaluated outcome measures

Rowe score#

5 domains evaluated: pain; stability; function, range of motion measured by a goniometer; and

0 to 2100 (worst possible
condition)

12 to 60 (worst possible
function)

—0.59 to 1.0 (best quality of
life)

0 to 100 (best possible

muscle strength using a spring gauge. Pain (25 points) and function were reported on five-step cat- state)

egorical scales.

Constant-
Murley Score
with a spring gauge.

4 domains evaluated: pain intensity; activities of daily living (sleep, work, recreation and hand
positioning); active range of motion measured by goniometer and strength of abduction measured

0 to 100 (best possible
shoulder function)

* For statistical analyses, WOSI and OISS scores were inverted for easier comparisons with the other outcome measures
# At the follow-up examinations, patients were told to rate the state of their shoulder as excellent, good, fair or poor (Rowe Patient Evaluation)

Statistics

Total scores for all outcome measures were calculated at
all follow-ups. For WOSI missing values were imputed if
one or two questions were missing, using the mean
value within each subcategory for the given patient. For
CMS and OISS we imputed the mean value of the given
question. All together 13 observations were imputed.

Responsiveness

Responsiveness was calculated and investigated using
SRM (Standardized Response Mean), RCP (Reliable
Change Proportion) and Receiver operating characteris-
tic (ROC) at all follow-ups. The improved and un-
changed group were defined by the anchor described
above. Cut-off values were decided using distribution
plots of the change of symptoms anchor grouped by a

dichotomized version of Rowe Patient Evaluation (Fig. 1).
This yielded cut-off values on the change of symptoms an-
chor of 6, 4, 3 and 3 at the different follow-ups. Patients
scoring below -3 were considered deteriorated and ex-
cluded from the analysis [22]. Patients with a score be-
tween -3 and cut-off were considered unchanged. We
chose not to estimate MID for the deteriorated group due
to the small sample size (ranging from 2 to 16).

SRM was estimated by dividing the MCS (Mean
Change Score) by the standard deviation of the MCS.
95% confidence intervals were obtained by non-
parametric bootstrap estimation. Confidence intervals
for baseline scores and MCS were estimated using the
normal distribution. All confidence intervals for EQ-
5D3L were obtained by non-parametric bootstrap esti-
mation due to non-normal distributions.

3 months

Change in Symptoms

15 10 5

Number of patients

0

o
o
o

between unchanged/deteriorated

Rowe Patient Evaluation: . improved . unimproved

Fig. 1 Distribution of Change in Symptoms grouped by improved/unimproved at 3- and 24-months follow-up. Improved/unimproved is defined
by Rowe Patient Evaluation were patients responding “Excellent” or “Good" are considered improved while patients responding “Fair” or “Poor”
are considered unimproved. The solid black line marks the cut-off point for improved/unchanged. The dotted black line marks the cut-off

24 months

Number of patients
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RCP was defined as the percentage of patients im-
proved by more than the MDC (Minimal Detectable
Change). MDC estimates for all outcome measures, ex-
cept CMS, were obtained from an earlier study using
partially the same sample [7, 8]. MDC for the CMS was
estimated by averaging the findings of earlier studies
[23-26]. A robustness check for the CMS was performed
using the lowest published MDC we could find [23].
95% confidence intervals were estimated using the
Clopper-Pearson method [27].

ROC analysis was incorporated to assess each instru-
ment’s ability to correctly classify patients as improved
or unchanged. The sensitivity is defined as the propor-
tion of improved patients correctly classified as im-
proved, while the specificity is the proportion of
unchanged patients correctly classified as unchanged.
The ROC graph is a plot of the sensitivity against 1-
specificity, illustrating the trade-off between false posi-
tives and true positives at all thresholds [28]. The opti-
mal threshold was selected at the point on the ROC
curve that minimizes the sum of squares of 1-sensitivity
and 1-specificity, or equivalently the point closest to the
upper-left corner [29].

Minimal important difference
MID is defined and estimated in a variety of ways in the
literature, and there is a lack of formal agreement on
which methods are superior [2]. This study incorporates
anchor-based distribution methods (SRM, RCP, MID-
mean) and ROC analysis (ROC cut-off, MIDgsgimi). ROC
cut-off (often referred to as MIDyoc) is defined as the op-
timal threshold retrieved from ROC analysis [22, 30, 31].
95% CI was estimated using a stratified bootstrap proced-
ure, keeping the proportion of improved/ unchanged pa-
tients constant in each replicate sample. 95% CI for
ROC,yc was estimated using the DeLong method [32].
MIDyean was defined as the MCS of the patients
scoring slightly above the chosen cut-off value on the
anchor (i.e. for 6 months this equals patients scoring 4
and 5). The idea is that this group of patients consider
themselves minimally improved, and their MCS can
therefore be used to identify a MID estimate [30].
MIDgsylimit Was calculated as Ucpange + 1.645 - Ocpange Of
the unchanged group. This corresponds to the 95%
upper limit of the distributions of patients not experien-
cing an important improvement, and is equivalent to the
cut-off value at the 95% specificity on the ROC curve
[22]. Statistical analyses were performed in R, version
3.6.2 [33]. ROC analysis was performed using the
pROC-package [34].

Hypotheses
Hypotheses were defined to further evaluate the respon-
siveness and validity of the instruments and anchor. The
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following null hypotheses were formulated for all instru-
ments at all follow-ups if not otherwise stated:

1. MCS for men and women are equal.

2. MCS for patients above and below 40 years are
equal.

3. The correlation between the MCS and change in
symptoms (- 9 to 9) = 0.70.

4. The correlation between the MCS and the anchor
(improved/unchanged) > 0.50.

5. MCS for patients with postoperative stiffness is <
the MCS for patients without postoperative stiffness at
both 3- and at 6-months follow-up.

6. The correlation of the MCS between the instru-
ments 20.70.

Hypotheses (1), (2) and (5) were tested using an inde-
pendent sample t-test or Wilcoxon rank-sum test. Post-
operative stiffness was defined as a loss of passive
(glenohumeral) range of motion of > 30° in external rota-
tion and abduction. Hypotheses (3) and (4) were tested
using Spearman’s rank correlation. Hypothesis (6) was
tested using Pearson’s r correlation. A correlation was
defined as high >0.70, as moderate between 0.40 and
0.70, and low < 0.40.

Results

119 patients were included (Table 2). Eight, four, six and
six patients, respectively, did not answer the change in
symptoms question at the different follow-ups and were
excluded from the analysis. Sixteen (14%), 12 (10%), six
(5%) and two (2%) patients answered below —3 on the
anchor at the different follow-ups and were considered
deteriorated. The unchanged/improved ratio at 3, 6, 12-

Table 2 Descriptive statistics

Males/Females 72/47
Age (years), mean (range) 40.1 (18-64)
Duration of symptoms (months), median (range) 26 (6-360)
Dominant shoulder 89 (75)
Manual labour 47 (39)
Postoperative capsular stiffness

3 months 30 (25)

6 months 17 (14)
Physical activity

None 50 (42)

Weekly 61 (51)

Competition 7 (6)
Treatment

Sham surgery 40 (34)

Biceps tenodesis 39 (33)

Labral repair 40 (34)

The number (%) of patients is given if not otherwise stated
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and 24-months follow-up was 64/31, 32/71, 17/90 and
21/90.

Baseline total score, MCS, SRM and RCP with 95% CI
grouped by the anchor are reported in Table 3. In the
improved group the SRM values for Rowe and WOSI
were significantly higher than for the CMS and EQ-
5D3L at all follow-ups, and for OISS at 3 months follow-
up. The CMS was significantly higher than EQ-5D3L at
12- and 24-months follow-up. SRM values for EQ-5D3L
ranged from 0.67 to 1.05 (moderate to high). All other
SRM values were considered high in the improved
group. In the unchanged group all SRM values were low
at 3 months follow-up, ranged from low to moderate at
6- and 12-months follow-up, and moderate to high at
24 months follow-up.

RCP values in the improved group were highest for
Rowe and WOSI at all follow-ups (ranging from 68 to
87%), with similar values for OISS at 6, 12- and 24-
months. EQ-5D3L had the lowest values, and contrary
to the other instruments, there was no increase over
time (ranging from 13 to 16%). RCP values for the CMS
ranged from 23 to 49%, using 16 as the MDC. When
using 12 as the MDC the RCP values for the improved
group were 32, 43, 56 and 69%.

ROC analysis and MID

Fifteen out of twenty ROCpyc values were>0.70
(Table 4). EQ-5D3L had the lowest values ranging from
0.55 to 0.74. ROC curves for all instruments at all
follow-ups are reported in Fig. 2. Cut-off values were
low for all scores at 3 months follow-up. The OISS,
CMS and EQ-5D3L had confidence intervals crossing
zero. At 6 months follow-up all cut-off values increased
substantially, and were stable between 6- and 24-months
follow-up. At 24 months follow-up ROC cut-off values
(0 to 100 scale) was 18 for Rowe, 331 (16) for WOSI, 9
(19) for OISS, 11 for CMS and 0.123 (45) for EQ-5D3L.
Excluding EQ-5D3L the largest difference between the
instruments was 8 on a 0 to 100 scale.

MIDgseimic €stimates were substantially higher than
ROC cut-off values at all follow-ups for all instruments.
The estimates peaked at 12 months follow-up for all in-
struments, while being comparable at the other follow-
ups. At 24 months follow-up MIDgseimic values (0 to
100 scale) were 29 for Rowe, 853 (41) for WOSI, 16 (36)
for OISS, 22 for CMS and 0.273 (54) for EQ-5D3L.

MIDyean values were higher than ROC cut-off values,
but lower than MIDgsgimi: Values, at 3 months follow-up
for all instruments. At all other follow-ups MIDyan
and ROC cut-off values were comparable. MIDypan
values (0 to 100 scale) at 24 months follow-ups were 17
for Rowe, 401 (19) for WOSI, 10 (21) for OISS, 11 for
CMS and 0.128 (45) for EQ-5D3L.
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At 24 months follow-up MID estimates were lower
than the MDC for CMS (except MIDgsy1imit) and EQ-
5D3L. For the other instruments all MID estimates were
higher than the MDC (ROC cut-off value for WOSI was
approximately equal).

Hypothesis testing

There was no evidence of any difference in mean change
score between males and females or between patients
aged below or above 40 years for any instrument at any
follow-up (H1 and H2). All correlations between the
MCS and the change in symptoms question were posi-
tive (the lowest being 0.33), but only two were > 0.70
(OISS at 6- and 12-months follow-up). The correlations
ranged from 0.58 to 0.62 for Rowe, 0.55 to 0.69 for
WOSI, 0.47 to 0.74 for OISS, 0.52 to 0.60 for CMS and
0.33 to 0.46 for EQ-5D. Correlations were lowest at 3
months follow-up (H3). Nine of sixteen correlations be-
tween the MCS and the anchor (improved/unchanged)
for all instruments except EQ-5D were > 0.50. Correla-
tions ranged from 0.43 to 0.60 for Rowe, 0.44 to 0.55 for
WOSI, 0.40 to 0.59 for OISS, 0.38 to 0.56 for CMS and
0.13 to 0.32 for EQ-5D (H4). The MCS for patients with
postoperative stiffness were significantly smaller than for
patients without postoperative stiffness at 3 months
follow-up for all instruments. At 6 months follow-up the
null hypothesis could only be formally rejected for the
Rowe score and the CMS (the p-value for OISS and
WOSI was 0.05 and 0.06, respectively) (H5). The correl-
ation of the MCS among the instruments at the different
follow-ups ranged from 0.58 to 0.71 for Rowe/WOSI;
0.62 to 0.70 for Rowe/OISS; 0.74 to 0.81 for Rowe/CMS;
0.35 to 0.58 for Rowe/EQ-5D; 0.69 to 0.83 for WOSI/
OISS; 059 to 0.71 for WOSI/CMS; 0.48 to 0.57 for
WOSI/EQ-5D; 0.59 to 0.64 for OISS/CMS; 0.45 to 0.48
for OISS/EQ-5D and 0.35 to 0.48 for CMS/EQ-5D (H6).

Discussion

This study has evaluated responsiveness in five different
outcome measures at four follow-ups. The MID esti-
mates derived from the ROC analysis should be inter-
preted along with other estimates, particularly the mean
change score and the measurement error of the
instruments.

Estimates obtained at 3 months were not interpreted
as meaningful for measuring outcome, particularly the
confidence intervals for ROC cut-off values crossed zero
for the OISS, CMS and the EQ-5D3L. This may reflect
the short time period after surgery with large variability
in the improvement process. Few patients had improved
and some were deteriorated because of complications
like stiff shoulders. Many patients had not regained their
muscle strength. These factors influenced the scoring of
outcome questions. A previous study evaluating patients
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Table 3 Distribution based responsiveness in improved and unchanged patients

Unchanged

Baseline 60 986 35 61.5 0.682 62.7 1013 343 63.3 0.649
0to 100 47 48 79.5 48.2 46.5 77.3
95% CI 57to 876to 32.6to 57.8 0.612 to 60.1 916to 32.5to 61to  0.59to

63 1096  37.5 to 65.2 0.741 to65.3 1110 36.2 65.6 0.703
MCS 18.2 639 5.5 9.1 0.144 1.1 139 0 9.0 0.03
95% CI 143to 506to 3.3to 49to 0.075to 42to 4lto 1.8to 12.4to 0.063to

22.1 771 7.6 13.2 0.221 2.2 237 1.8 5.6 0.069
SRM 1.64 1.73 0.90 0.77 0.67 0.08 0.35 (1] 0.65 0.01
95% CI 1.19to 1.41to 0.58to 0.48to 0.47 to 0.34to 0.11to 0.25to 0.88to 0.25to

2.39 2.28 1.34 1.16 0.93 0.16 0.62 0.25 0.45 0.26
RCP (%) 68 70 26 23 13 13 32 10 0 8

95% Cl 49-83 51-85 12-45 10-41 4-30 6-23 21-45 4-20 0-6 3-18

Unchanged
Baseline 61.9 1023 343 61.8 0.673 60.8 919 34.2 61.8 0.608
0to 100 48.7 46.6 75.4 43.8 46.2 79.5
95% CI 59.5to0 941to 32.7to 59.5to 0.624to 57.3to 791to 31.6to 58.9to 0.515to
64.3 1105 36 64.2 0.719 64.4 1047 36.8 64.8 0.693
MCS 224 690 13 11.7 0.163 3 232 3.5 2.1 0.105
95% ClI 19.0to 584to 109to 8.6to 0.108to 1.0to 120to 2.0to 7.3to 0.036to
25.8 796 15 14.8 0.218 7 344 5 2.5 0.184
SRM 1.52 1.54 1.47 0.88 0.68 0.26 0.73 0.81 0.15 0.48
95% Cl 1.11to 1.26to 1.17to 0.61to 0.42to 0.08to 0.34to 0.50to 0.46to 0.25to
2.18 1.92 1.9 1.23 0.96 0.7 1.35 1.24 0.24 0.71
RCP (%) 72 74 75 33 14 13 39 9 9 13
95% Cl 60-82 62-84 64-85 22-45 7-25 4-29 22-58 2-25 2-25 4-29
Unchanged
Baseline  62.5 1047 349 63 0.68 61.6 902 34.2 60.4 0.563
0to 100 49.8 47.8 79.9 42.9 46.3 72.6
95% CI 60.3to 973to 33.4to 60.9to 0.639to 56.9to 702to 30.2to 57.3to 0.423to
64.6 1120  36.5 65 0.718 66.4 1102 38.2 63.4 0.689
MCS 25.1 742 15.5 13.7 0.174 8.2 251 4 6.6 0.153
95% CI 22.0to 660to 13.7to 11.3to 0.127to 0.1to 40to 0.1to 2.0to 0.018to
28.2 824 17.4 16.1 0.223 16.5 473 8.1 11.3 0.288
SRM 1.67 1.88 1.76 1.17 0.75 0.45 0.53 0.46 0.67 0.52
95% CI 135t0 1.59to 1.48to 0.95to 0.53to Oto 0.1to 0.02to 0.21to 0.06to
2.09 2.27 2.12 1.46 1.01 1.09 1.13 0.97 1.43 1.08
RCP (%) 76 87 80 32 13 35 35 29 6 24

95% Cl 70 - 88 7-22 14 - 62 7-50

Unchanged
Baseline 61.9 1024 345 62.4 0.673 62.8 979 35.9 62.0 0.62
0to 100 48.8 46.9 79.5 46.6 49.7 76.2
95% Cl 59.8to0 949to 33.0to 60.4to 0.629to 59.4to 820to 32.6to 59.4to 0.510to
64 1099 36.1 64.4 0.712 66.1 1137 39.1 64.6 0.709
MCS 28.7 772 17.7 16.8 0.225 7.9 327 3.90 6.8 0.053
95% CI 25.9to 693to 15.9to 14.5to 0.181to 23to 197to 0.5to 2.7to 0.006to
31.5 852 19.4 19.1 0.270 135 471 7.3 10.9 0.108
SRM 2.10 2.01 2.08 1.49 1.05 0.61 1.02 0.51 0.73 0.4
95% Cl 1.72to 1.71to 1.79to 1.25to 0.87to 0.2to 0.69 0.09to 0.21to 0.05to
2.62 2.43 2.47 1.82 1.28 1.14 1.6 1.06 1.74 1.02
RCP (%) 86 87 84 49 16 38 25 25 15 0
95% Cl 77-92 78-93 75-91 38-60 9-25 18-62 9-49 9-49 3-38 0-17

Numbers in bold/red are negative values. Baseline, mean total score at baseline; 0 to 700, baseline score transformed from original scale to a 0 to 100 scale; MCS,
mean change score from follow-up to baseline; SRM, mean change score divided by the standard deviation of the mean change score; RCP, proportion of patients
with change score exciding the Minimal Detectable Change



Skare et al. BMC Musculoskeletal Disorders (2021) 22:606

Table 4 Minimal important difference
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3 months
ROChuc (95% Cl)  ROC cut-off (95% Cl)  Sens/Spec  MDC MIDyean  MIDgsyimit
Rowe 0.80(0.70-0.90) 8(5-14) 0.79/0.78 143 14 20
WOSI 0.75(0.64-0.86) 262 (206-530) 0.79/0.69 339.3 559 (27) 785 (37)
OISS 0.66(0.54-0.77) 3 (2-5) 0.62/0.68 8.1 4(8) 12 (25)
CMm 0.78 (0.68-0.89) 0 (2-5) 0.76/0.76 16 9 14
EQ-5D 0.62(0.51-0.74) 0.027 (0.053-0.172) 0.56/0.66 0.4 0.076 (42) 0.447 (65)
6 months
ROCnuc (95% CI)  ROC cut-off (95% Cl) Sens/Spec  MDC MIDygan MIDsseiimit
Rowe 0.87(0.80-0.94) 13(6-17) 0.79/0.84 143 16 22
WOSI 0.79(0.70-0.87) 450 (395-653) 0.71/0.81 339.3 354(17) 754 (36)
OISS 0.83(0.75-0.91) 8(5-9) 0.77/0.91 8.1 6(13) 11 (23)
@Y 0.78 (0.69-0.88) 6 (4-8) 0.73/0.84 16 6 22
EQ-5D 0.63(0.51-0.75) 0.036(0.018-0.167) 0.69/0.66 0.4  0.089 (43) 0.467 (67)
12 months
ROCnuc (95% CI)  ROC cut-off (95% Cl) Sens/Spec  MDC MIDyean MIDsseimit
Rowe 0.77(0.64-0.89) 12 (4-22) 0.77/0.71 143 17 38
WOSI 0.79 (0.66-0.92) 504 (202-514) 0.81/0.76  339.3 310(15) 1028 (49)
OISS 0.82(0.71-0.94) 9(3-10) 0.79/0.76 8.1 6(13) 18 (38)
@\ 0.68 (0.55-0.82) 8 (4-13) 0.68/0.71 16 7 23
EQ-5D 0.55(0.38-0.71) 0.079(0.018-0.222) 0.64/0.59 0.4 0.050(40) 0.639(77)
24 months
ROChuc (95% Cl)  ROC cut-off (95% ClI)  Sens/Spec  MDC MIDyean MIDgssimit
Rowe 0.86(0.78-0.93) 18(13-24) 0.77/0.81 143 17 29
WOSI 0.82(0.71-0.92) 331 (289-442) 0.86/0.80 339.3 401 (19) 853 (41)
OISS 0.88(0.80-0.96) 9 (5-14) 0.84/0.80 8.1 10(21) 16 (36)
@Y 0.75(0.64-0.85) 11 (9-15) 0.58/0.71 16 11 22
EQ-5D 0.74 (0.64-0.85) 0.123(0.035-0.222) 0.68/0.79 0.4  0.128(45) 0.273 (54)

Numbers in bold/red are negative values. ROC,c, area under the ROC curve; ROC cut-off, change score threshold that minimizes the sum of squares of 1-
sensitivity and 1-specificity (i.e. the point on the ROC curve closest to the upper-left corner); Sens/Spec, proportion of improved patients correctly classified as
improved/proportion of unchanged patients correctly classified as unchanged; MDC, Minimal Detectable Change; MIDyean, mean change score of patients scoring
slightly above the chosen cut-off value on the anchor (0 to 100 scale); MIDgsgimi 95% upper limit of the change score distribution of patients defined as

unchanged (0 to 100 scale)

with rotator cuff tears reported a MID of 104 at 3
months [35]. They did not report 95% CI and the ROC
cut-off value was 2, which question their findings. We
do not recommend the follow-up at 3 months after sur-
gery for estimation of MID.

The distribution-based methods indicate that the CMS
is less sensitive to change compared to OISS, WOSI and
the Rowe score. MCS, SRM and RCP values were lower

for CMS at all follow-ups. A different sensitivity to
change was shown for the two clinical scores although
baseline values for the improved group were similar. At
2 years the mean score for the CMS was 79.2 in the im-
proved group, while it was 90.6 for the Rowe score. This
indicates that for these patients the clinical scores do
not scale equally. An increase of one point on the CMS
equals a greater improvement on the Rowe score. This
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might also explain why all MID estimates are lower for
CMS than for the Rowe score and suggests that low
MID values should not automatically be interpreted as
better than higher ones.

Estimates of minimal important difference

The MIDgsoimic estimates were substantially higher than
the other MID estimates for all outcome measures. As
de Vet et al. points out a challenging question is which
cut-off point to prefer [22]. A factor driving the high
MIDgs¢1imic values was the high variation in change score
among the unchanged patients. This possibly reflects
that other health related issues affect their change score,
or difficulties with the anchor in identifying patients
who are minimally improved. Because every point on
the ROC curve represents a trade-off between sensitivity
and specificity, increasing the specificity to 0.95 comes
at a cost. By example, at the 24 months follow-up the
MIDgsy1imic for the Rowe score was 29 while the cut-off
value when maximizing both was 18. The sensitivity and
specificity were 0.77 and 0.81 for the latter (Table 4) and
0.56 and 0.95 for the former. We found no reason to dis-
like false negatives more than false positives, and

therefore preferred the ROC cut-off value over the
MIDosgtimie-

MIDyean is a less common way to measure the min-
imal clinically important change utilizing the fact that a
continuous variable identifying the change in main com-
plaint was collected at all follow-ups (-9 to 9 scale).
The disadvantage is related to identifying the group that
one considers minimally improved. For example, at 6
months we defined patients scoring 4 and 5 as minimally
improved and measured MIDyan as the mean change
score among these patients. Alternatively, we could have
used the median or the first or the third quartile empha-
sizing either important or minimal change. MIDygan
values were comparable to ROC cut-off values at 6, 12-
and 24-months follow-up.

At 24 months follow-up all MID estimates were lower
than the MDC for the CMS and EQ-5D3L. In agreement
with a recent systematic review we consider MID values
that are lower than the measurement error (MDC) as
problematic [2]. Recent studies present MID values that
are below the MDC without any further discussion [2].
A disadvantage of the present study is that we have not
provided MDC estimates for the CMS calculated in this
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sample. However, we conducted a robustness check
using the lowest estimate published and the average
MDC values from other studies.

The responsiveness of the EQ-5D3L was inferior to
the other outcome measures. We consider this observa-
tion to be important because EQ-5D3L was recently
used as an utility index in a systematic review to evaluate
cost-effectiveness [6].

Hypothesis testing

We found a moderate correlation between mean change
scores of the outcome measures and the anchor, except
for the EQ-5D3L [36]. Low correlations between EQ-
5D3L and the anchor are also illustrated by low ROCayc
values, and the outcome measure is not suitable to de-
tect improvements in this population.

Strengths and limitations

The strengths of this study include the use of both clin-
ical scores and PROMS, at four different follow-ups. All
clinical assessments were conducted by one single expe-
rienced assessor. Comprehensive statistical analyses were
conducted for each outcome measure at all follow-ups.
Estimates of MID were compared with estimates of
MDC. The main challenge was identifying a valid anchor
[1]. We found that some patients answered the anchor
inconsistently, which may relate to the questionnaire or
the heterogeneity of the patients. Some patients had
complaints mainly related to specific sports, while others
had daily pain and disability related to ordinary activ-
ities. Also, recall bias influence the anchor. A previous
study found that global perceived change was influenced
by the patients’ state at the time of asking [37].

We recommend to use the MCS of the instruments as
the primary outcome in trials rather than the proportion
of patients exceeding the MID. On the other hand, MID
values are helpful in calculating sample size and for un-
derstanding results in clinical practice but should be
interpreted with an understanding of uncertainty and
measurement error of the Instrument [7, 8, 38], the pa-
tient group and follow-up time examined.

Conclusions

In patients with SLAP II-lesions the patient reported
OISS and WOSI and the clinical Rowe score had best
responsiveness. Our results suggest that 3 months
follow-up is too early for outcome evaluation. EQ-5D3L
did not have appropriate measurement properties to as-
sess responsiveness in this patient group.
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