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Background: To aid the interpretation of clinical outcome scores, it is important to determine the
measurement properties. The aim of this study was to establish the minimal clinically important dif-
ference (MCID) and substantial clinical benefit (SCB) for the Constant-Murley score and Disabilities of the
Arm, Shoulder and Hand score in patients with long-lasting rotator cuff calcific tendinitis treated with
high-energy extracorporeal shockwave therapy and ultrasound guided needling. The secondary purpose
was to assess the responsiveness of both questionnaires and to identify variables associated with
achieving the MCID and SCB.
Methods: A prospective cohort of 80 patients with rotator cuff calcific tendinitis was analyzed. Two
anchor-based methods were used to calculate the MCID and SCB. Effect sizes and standardized response
means were calculated to assess the responsiveness. Additional univariate logistic regression analyses
were performed to identify factors associated with the achievement of the MCID and SCB.
Results: For the Constant-Murley score, we found an MCID and SCB of 9.8 and 19.9, respectively, based
on the mean change method and 5.5 and 10.5, respectively, based on receiver operating characteristic
analysis. For the Disabilities of the Arm, Shoulder and Hand score, we found an MCID and SCB of e8.2
and e19.6, respectively, with the former and e11.7 and e12.5, respectively, with the latter. The
responsiveness of both outcome measures was good, with large effect sizes and standardized response
means. The radiographic resorption after 6 weeks and after 6 months appeared to be the most important
positive predictor for achieving the MCID and SCB after 6 months.
Conclusion: This study established the MCID, SCB, and responsiveness for patients with long-lasting
rotator cuff calcific tendinitis who were treated with minimally invasive treatment options. With this
information, physicians can distinguish between a statistically significant difference and a clinically
relevant benefit. Successful radiographic resorption after 6 weeks and after 6 months was associated
with achieving clinically significant improvement after treatment.

© 2020 The Authors. Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
Calcific tendinitis of the rotator cuff is a painful condition condition might be self-limiting in the majority of cases, the

characterized by the deposition of hydroxyapatite crystals in the
rotator cuff.37 It is a frequent cause of subacromial pain, and pa-
tients experience overhead activityerelated pain.24 Although the
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symptoms can be severe and prolonged. In the past few years,
numerous clinical trials and reviews have been published on the
minimally invasive treatment of this condition.4,25 In general, these
studies have drawn their conclusions based on changes in function,
pain, and general health, measured by clinical outcome scores or
patient-reported outcome measures. The term “statistical signifi-
cance” is frequently used to describe a change in outcome of these
clinical scores, which does not necessarily mean a relevant benefit
for the patient. For example, even small changes can be statistically
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significant in large clinical trials while the real question is whether
these changes are clinically relevant for the patient. Therefore,
there is an increased need to establish clinical relevance within
these outcome measures. The outcome measures should have
clearly defined measurement properties such as validity, reliability,
and responsiveness. Responsiveness is defined as the ability of an
instrument to detect change over time in the construct to be
measured.27,28 To aid the interpretation of clinical outcome score
findings, researchers developed the concept of the minimal clini-
cally important difference (MCID), defined as the smallest change
in score in the domain of interest that patients perceive as impor-
tant.19 The MCID can help interpret the magnitude of effects of
interventions as well as help researchers to determine a more ac-
curate sample size in future studies. An alternative clinically sig-
nificant measure is the substantial clinical benefit (SCB), defined as
the change in outcome associated with patient perception of a large
meaningful improvement.29

The distribution- and anchor-based methods are 2 common
approaches to calculate theMCID.10 The distribution-basedmethod
uses statistical analysis to determine minimal clinically important
changes that occur beyond expected measurement error or vari-
ance. The anchor-based approach uses “anchor” questions that aim
to evaluate domains such as pain and function to classify changes in
clinical outcome scores.

Although systematic reviews addressing the MCID in shoulder
outcome scores are available, they report a wide range of MCID
values and are investigated in a wide range of shoulder pathol-
ogy.9,14 Even fewer data are available on the SCB values for
frequently used shoulder outcome scores.

The main purpose of this study was therefore to establish the
MCID and SCB for the Constant-Murley score (CMS) and the Dis-
abilities of the Arm, Shoulder and Hand (DASH) score in patients
with long-lasting calcific tendinitis of the rotator cuff treated with
high-energy extracorporeal shockwave therapy or ultrasound
guided needling. The secondary purpose was to assess the
responsiveness of both questionnaires and to identify variables
associated with achieving the MCID and SCB.

Materials and methods

Study population

The study population consisted of patients included in a ran-
domized clinical trial evaluating the effect of high-energy shock-
wave therapy and ultrasound-guided needling for calcific tendinitis
of the rotator cuff.23 The inclusion criteria for this study were as
follows: age � 18 years; clinical signs of subacromial pain syn-
drome for >4 months; standardized radiographs showing a calcific
deposit with a diameter �5 mm in the rotator cuff; and completion
of a nonsurgical treatment program that was unsuccessful,
including nonsteroidal anti-inflammatory drugs, physiotherapy
(centric and eccentric rotator cuffestrengthening exercises in
combination with scapular stabilization), and subacromial infil-
tration with a corticosteroid.

The study was registered in the Netherlands Trial Register
(NL4304/NTR4448). Informed consent forms were signed by all
participating patients.

Outcome measures

The CMS and a region-specific DASH score were available for all
patients at baseline and after 6 months.8,18 Outcomes at baseline
and 6 months’ follow-up were used for MCID and SCB calculation.
For this purpose, an anchor question (7-point global transition
rating scale) concerning shoulder complaints was added at 6
months’ follow-up. Additional baseline characteristics such as age,
sex, workload, dominance, and treatment, as well as radiographic
parameters (after 6 weeks and after 6 months), were also assessed.

Constant-Murley score

The CMS is a standardized, simple clinical method of assessing
shoulder function and has a maximum score of 100 points, with
both subjective (35 points) and objective (65 points) components.8

The subjective parameters assess the degree of pain perception
(15 points) and the ability to perform the normal tasks of daily
living in both activity- and position-related terms (20 points). The
objective parameters include testing of active range of motion
(40 points) and muscle strength (25 points). The CMS has estab-
lished measurement properties.32,40

DASH score

The DASH outcome measure is a 30-item, self-reported ques-
tionnaire designed to measure physical function and symptoms in
patients with various musculoskeletal disorders of the upper
limb.18 It has been validated in the Dutch language.39 The DASH
score has acceptablemeasurement properties.33,38 The score ranges
from 0 (no disabilities) to 100 (most severe disabilities) and is
considered incomplete if more than 3 items (10%) are missing.33

Anchor question

As an external anchor for this study, a 7-point global rating-of-
change (GRC) scale was used. Patients were asked a single question
to indicate how their symptoms had changed since baseline12,19:
“Since the start of the treatment, in what way would you describe
the change in symptoms related to your shoulder condition?” The
answer options were (1) much improved, (2) improved, (3) slightly
improved, (4) unchanged, (5) slightly worse, (6) worse, and (7)
much worse. The “slightly improved” and “improved” categories
were used to identify patients who experienced minimally impor-
tant improvement and substantial improvement, respectively.

Statistical analysis

Statistical analysis was performed by use of SPSS software
(version 26.0; IBM, Armonk, NY). Summary statistics were used to
describe patients’ clinical characteristics and score distributions of
the CMS and DASH score. Continuous variables were presented as
means with standard deviations. Categorical variables were pre-
sented as frequencies with accompanying percentages. To assess
the suitability of the anchors, Spearman rank correlation co-
efficients were calculated between the change-from-baseline
scores and the anchor. If the Spearman rank correlation coeffi-
cient was >0.50, the anchor was considered suitable.6 Because the
number of patients who reported a decline in shoulder function
was small (n ¼ 6), assessment of responsiveness and estimation of
the MCID and SCB were only performed for the clinically improved
patients.

Responsiveness

For each transition category of the GRC scale, effect sizes and
standardized response means were calculated to assess the
responsiveness. The effect size and standardized response mean
were calculated by dividing the mean change-from-baseline score
at 6 months’ follow-up by the standard deviation of the baseline
score and by the standard deviation of the change-from-baseline
score, respectively.20,22 Hypotheses for these variables were



Table I
Patient and clinical characteristics (n ¼ 80)

Data

Age, mean (SD), yr 52.1 (9.0)
Sex, n (%)
Male 29 (36)
Female 51 (64)

Dominant arm treated, n (%) 51 (64)
Workload, n (%)
Light 39 (59)
Medium 16 (24)
Heavy 11 (17)
Unemployed 14

G€artner classification, n (%)
I 34 (42)
II 46 (58)

Treatment, n (%)
H-ESWT 40 (50)
UGN 40 (50)

Location, n (%)
Supraspinatus 69 (86)
Infraspinatus 7 (9)
Subscapularis 4 (5)

Magnitude at baseline, mean (SD), mm 15.7 (5.2)
Resorption at 6 weeks, n (%) 52 (65)
Resorption at 6 mo, n (%) 61 (76)

SD, standard deviation; H-ESWT, high-energy extracorporeal shockwave therapy;
UGN, ultrasound-guided needling.
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formulated for both outcomemeasures according to the definitions
of Cohen,7 with absolute values being at least small (0.2), medium
(0.5), and large (0.8) for patients reporting slight improvement,
improvement, and much improvement, respectively.

MCID and SCB estimation

To calculate the SCB and MCID of the DASH score and CMS, 2
anchor-basedmethods were applied, using the GRC scale as anchor.
The MCID and SCB were calculated as the mean change score (95%
confidence interval [CI]) of both outcomes for those patients who
reported being slightly improved and being improved on the GRC
scale, respectively.15 Next, the MCID and SCB were estimated using
the receiver operating characteristic cutoff points of the DASH
change score and CMS change score. The Youden index was used to
assess the optimal cutoff points with the smallest number of mis-
classified patients for each outcome measure. Additional boot-
strapping (statistical resampling) procedures (with 1000 bootstrap
samples) were performed to estimate the standard error of the
retrieved cutoff values and calculate the 95% CI.13

The area under the curve was calculated as a measure of accu-
racy. It represents the probability that patients with and without
minimal or substantial improvement are correctly classified (ac-
cording to the external criterion). This area ranges from 0.5 (accu-
racy based only on chance) to 1.0 (perfect accuracy). An area under
the curve > 0.7 (with a 95% CI lower bound� 0.5) was considered a
good discriminator.35 The external criterion for SCB was defined as
the merged GRC categories of improved and much improved. For
the minimal important change, the category of slightly improved
was added.

Factors associated with MCID and SCB

Additional univariate logistic regression analyses were per-
formed to identify factors associated with the achievement of the
MCID and SCB of the CMS and DASH score derived from the mean
change analysis. Odds ratios and 95% CIs were calculated. P < .05
was considered statistically significant.

Results

Baseline characteristics

Between May 2014 and December 2017, a total of 82 patients
were randomized and treated with either high-energy extracor-
poreal shockwave therapy or ultrasound-guided needling. After 6
months, 80 patients (97.5%) were available for follow-up. The mean
age was 52 ± 9 years, and 51 of patients (64%) were women.
Calcifications were predominantly located in the supraspinatus
muscle (Table I).

Clinical outcome measures

The overall mean CMS at baseline was 67.3 ± 12.1, with an
improvement after 6 months to 80.5 ± 17.3. The DASH score at
baseline was 36.6 ± 15.9, which declined after 6 months to 20.9 ±
18.5. The subgroup scores for each anchor category can be found in
Table II.

Anchor

Among 82 included patients, 80 patients filled out the GRC scale
after 6 months. Using the GRC scale, 6 patients (8%) reported a
deterioration in function (much, n ¼ 2; considerable, n ¼ 1; and
slight, n¼ 3), 13 (16%) reported no change in function, and 61 (76%)
reported improvement (Table II).
Correlation of change in clinical outcome with anchor

Both outcomes were significantly correlated with the anchor,
with values of 0.73 and e0.73, with the absolute values of both
coefficients exceeding the threshold of 0.50, indicating that the GRC
scale was suitable as an anchor.
Responsiveness

Effect sizes and standardized response means of subgroups
formed by the transition GRC scale are presented in Table II. Both
variables increased with increased reported improvement on the
GRC scale.

All effect sizes and standardized responsemeans of all transition
categories met the aforementioned criteria of Cohen.7 The effect
sizes and standardized response means of patients who did not
experience a clinical improvement did not exceed 0.2 (Table III).
MCID and SCB estimation

The MCID and SCB values of the CMS and DASH score based on
both methods are presented in Table III. The mean change method
generally revealed higher MCID values than did receiver operating
characteristic analysis.
Factors associated with MCID and SCB

Radiographic resorption of the calcific deposit after 6 weeks
(CMS and DASH score) and 6months (DASH score) was significantly
associated with the achievement of the MCID. For the SCB,
resorption after 6 weeks (CMS) and 6 months (DASH score) was
associated with achieving the SCB. Detailed results are reported in
Tables IV and V.



Table II
Responsiveness of CMS and DASH score: ES and SRM

Baseline, mean (SD) 6 mo, mean (SD) Change, mean (95% CI) ES SRM

CMS
No change (n ¼ 13) 67.1 (16.1) 66.8 (14.4) e0.3 (e4.7 to 4.0) 0.02 0.04
Slightly improved (n ¼ 19) 68.0 (11.8) 77.8 (11.4) 9.8 (3.7 to 15.9) 0.83 0.80
Improved (n ¼ 15) 66.0 (10.5) 85.9 (10.5) 19.9 (13.6 to 26.3) 1.90 1.75
Much improved (n ¼ 27) 69.0 (11.3) 93.3 (6.4) 24.3 (19.3 to 29.4) 2.15 1.91

DASH score
No change (n ¼ 13) 34.1 (19.1) 32.6 (19.4) e1.7 (e8.0 to 4.6) e0.09 e0.17
Slightly improved (n ¼ 19) 36.1 (15.0) 27.9 (12.5) e8.2 (e14.7 to e7.5) e0.55 e0.61
Improved (n ¼ 15) 39.0 (15.5) 19.4 (11.7) e19.6 (e26.3 to e12.8) e1.26 e1.61
Much improved (n ¼ 27) 35.3 (14.1) 4.7 (3.9) e30.7 (e36.2 to e25.1) e2.18 e2.19

SD, standard deviation; CMS, Constant-Murley score; DASH, Disabilities of the Arm, Shoulder and Hand; ES, effect size; SRM, standardized response mean; CI, confidence
interval.

Table III
Results of MCID and SCB calculations based on mean change method and cutoff point of ROC curve

Mean change ROC (95% CI) AUC (95% CI) TP, % TN, %

CMS
MCID 9.8 (3.7 to 15.9) 5.5 (1.1 to 9.9) 0.94 (0.89 to 0.99) 87 89
SCB 19.9 (13.6 to 26.3) 10.5 (7.8 to 13.2) 0.89 (0.81 to 0.97) 86 87

DASH
MCID e8.2 (e14.7 to e7.5) e11.7 (e19.1 to e4.4) 0.88 (0.80 to 0.96) 74 94
SCB e19.6 (e26.3 to e12.8) e12.5 (e18.8 to e6.2) 0.89 (0.81 to 0.96) 88 78

MCID, minimal clinically important difference; SCB, substantial clinical benefit; ROC, receiver operating characteristic; AUC, area under curve; CI, confidence interval; TP, true
positive; TN, true negative; CMS, Constant-Murley score; DASH, Disabilities of the Arm, Shoulder and Hand.

J.K.G. Louwerens et al. / JSES International 4 (2020) 606e611 609
Discussion

The primary purpose of this study was to assess the MCID and
SCB of 2 frequently used shouldermetrics in a population of patients
with rotator cuff calcific tendinitis. For the CMS, we found an MCID
and SCB of 9.8 and 19.9, respectively, based on the mean change
method and 5.5 and 10.5, respectively, based on receiver operating
characteristic analysis. For the DASH score, we found an MCID and
SCB of e8.2 and e19.6, respectively, with the former and e11.7 and
e12.5, respectively, with the latter. The responsiveness of both
outcome measures was good, with effect sizes and standardized
response means that were larger than required in patients experi-
encing improvement and were small (<0.2) in the unresponsive
group. All area-under-the-curve calculations exceeded 0.70 with a
lower bound of the 95% CI that was higher than 0.50, indicating
adequate responsiveness (Table III). The radiographic resorption
after 6weeks and after 6months appeared to be themost important
positive predictor for achieving the MCID and SCB after 6 months.
Assessment of theMCID and SCB is of value to determine whether a
statistically significant clinical outcome is also clinically relevant for
a specific patient category. It can also help researchers when
calculating the sample size for future clinical studies.

An explanation for why the responsiveness was so high could be
that the study population was very homogeneous, with small
standard deviations across all outcome measurements. The large
treatment effect in both groups could also have contributed.

In the past 5 years, numerous articles have been published on
the clinical relevance of shoulder outcome scores.11,16,17,21,30 Recent
reviews have discussed that the MCID often varies widely.9,14,34 The
range of reported MCID values was broad: 3 to 36 (median esti-
mate, 8.3) for the CMS and e4.5 to 25.4 (median estimate, 10.2) for
the DASH score. The patient categories, treatment techniques, and
methodologic protocols differed substantially among the included
studies.

It is important to realize that the MCID and SCB do not have
fixed values. They are influenced by numerous variables, such as
the baseline score, patient category, treatment effect, anchor
question, and definition of minimal clinical difference.2,3 It is
therefore important to calculate the MCID for different patient
categories and for different shoulder metrics. Previous attempts to
establish a clear relationship between these variables and theMCID
values were not successful.14 In this study, an anchor-based
approach was chosen with 2 different statistical methods to
calculate the MCID and SCB. The most accurate way to calculate the
MCID remains unclear.2,31

This study found that radiographic signs of resorption after 6
weeks and after 6 months were the only variables that were
associated with a higher chance of reaching clinical important
outcomes. This finding is of great importance for physicians treat-
ing patients with rotator cuff calcific tendinitis and helps deal with
the patients’ expectation management after treatment.

When one is interpreting the MCID and SCB in clinical research,
it is important to realize that an outcome measure also has a
smallest detectable change (or measurement error), defined as the
smallest change in score that one can detect with an instrument.
For the purpose of individual monitoring of patients, the smallest
detectable change should be smaller than the MCID to be able to
distinguish a minimal clinically relevant difference from the mea-
surement error.36 For the DASH score, the reported smallest
detectable change in the literature ranges between 7.9 and 16.3,
and for the CMS, measurement errors as high as 17 and 23 have
been reported.1,5,26,38 Although these calculations were performed
for different patient categories after different types of treatment, it
remains important to differentiate the smallest detectable change
from theMCID. In light of our findings, theMCID values for both the
DASH score (8.2) and CMS (9.8) might have been clinically relevant
for the patients, but it is possible that they cannot be distinguished
from the measurement error. Finally, although the MCID might be
exceeded by the smallest detectable change on an individual level,
it could still be used in larger clinical trials.36

The results of this study must be interpreted in light of several
limitations. First, the use of GRC scales has been questioned because
such scales are seldom thoroughly investigated in terms of validity
and reliability. Whether patients are able to recall their previous



Table IV
Univariate factors associated with minimal or substantial improvement in CMS, based on mean change in CMS

MCID SCB

OR P Value OR P Value

Age 0.96 (0.91 to 1.01) .12 1.00 (0.95 to 1.06) .95
Sex
Female Ref Ref
Male 0.65 (0.26 to 1.64) .36 0.54 (0.19 to 1.49) .23

Workload
Light Ref Ref
Middle 1.50 (0.45 to 4.99) .51 1.68 (0.49 to 5.82) .41
Heavy 2.40 (0.55 to 10.46) .24 3.36 (0.84 to 13.48) .09

Resorption at 6 weeks 3.40 (1.30 to 8.89) .01* 3.12 (1.02 to 9.50) .046*
Resorption at 6 mo 2.64 (0.91 to 7.66) .07 3.23 (0.85 to 12.30) .09
G€artner classification
I Ref Ref
II 0.76 (0.31 to 1.87) .56 0.64 (0.25 to 1.64) .35

Treatment
H-ESWT Ref Ref
UGN 1.00 (0.41 to 2.41) >.999 1.00 (0.39 to 2.55) >.999

Size of calcific deposit at baseline 0.99 (0.91 to 1.08) .79 0.96 (0.87 to 1.06) .34
Dominant arm treated 0.79 (0.32 to 2.00) .62 1.43 (0.53 to 3.88) .48

CMS, Constant-Murley score; MCID, minimal clinically important difference; SCB, substantial clinical benefit; OR, odds ratio; Ref, reference value; H-ESWT, high-energy
extracorporeal shockwave therapy; UGN, ultrasound-guided needling.

* Statistically significant (P < .05).

Table V
Univariate factors associated with minimal or substantial improvement in DASH score, based on mean change in DASH score

MCID SCB

OR P Value OR P Value

Age 0.99 (0.94 to 1.04) .66 0.96 (0.91 to 1.01) .11
Sex
Female Ref Ref
Male 0.44 (0.17 to 1.18) .10 0.70 (0.27 to 1.84) .47

Workload
Light Ref Ref
Middle 4.87 (0.97 to 24.44) .05 1.20 (0.36 to 4.03) .41
Heavy 6.26 (0.72 to 54.41) .10 8.00 (1.48 to 43.2) .02*

Resorption 6 weeks 3.39 (1.26 to 9.11) .02* 2.58 (0.94 to 7.11) .07
Resorption 6 mo 5.42 (1.83 to 16.05) .002* 4.64 (1.23 to 17.51) .02*
G€artner classification
I Ref Ref
II 0.68 (0.26 to 1.79) .43 1.18 (0.47 to 1.96) .73

Treatment
H-ESWT Ref Ref
UGN 1.32 (0.51 to 3.41) .57 0.46 (0.18 to 1.15) .10

Size of calcific deposits at baseline 0.98 (0.88 to 1.05) .34 1.01 (0.93 to 1.11) .75
Dominant arm treated 0.91 (0.34 to 2.43) .85 1.06 (0.42 to 2.70) .91

DASH, Disabilities of the Arm, Shoulder and Hand;MCID, minimal clinically important difference; SCB, substantial clinical benefit; OR, odds ratio; Ref, reference value; H-ESWT,
high-energy extracorporeal shockwave therapy; UGN, ultrasound-guided needling.

* Statistically significant (P < .05).
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status has been debated. The scales have shown to be influenced by
recent events and the patient’s status, as well as the change over
time. Owing to these factors, the GRC scale might be correlated
more to the post-treatment score than the change-from-baseline
score. However, this was not the case in our study. Second, there
is no established external criterion for determining the MCID or
SCB. In this study, a 7-point global assessment scale was used, but
other authors have used a 9- or 11-point GRC scale or a different
scale, such as a visual analog scale. Finally, the smallest detectable
change was not determined in this study.

Conclusions

This study established the MCID, SCB, and responsiveness for
patients with long-lasting rotator cuff calcific tendinitis who were
treated with minimally invasive treatment options. With this in-
formation, physicians can distinguish between a statistically sig-
nificant difference and a clinically relevant benefit. Successful
radiographic resorption after 6 weeks and after 6 months was
associated with achieving clinically significant improvement after
treatment.
Disclaimer
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