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ABSTRACT
Introduction: The aim of this study was to cross-

culturally adapt the Western Ontario Rotator Cuff Index 

(WORC) into a Danish version (D-WORC) and evaluate its 

validity, reliability and responsiveness in patients 

undergoing surgery for arthroscopic subacromial 

decompression or rotator cuff repair.

Methods: The original WORC version was cross-culturally 

adapted into Danish and the validity, test-retest reliability, 

responsiveness construct validity, internal consistency, 

interclass correlation coefficient (ICC), limits of agreement 

(LOA) and an anchor minimal important change (MIC) were 

assessed using the Disabilities of Arm, Shoulder and Hand 

(DASH), the Oxford Shoulder Score (OSS), the Short Form-36 

and the global rating scale.  

Results: The cross-cultural adaption was successful. The 

correlation was high between the D-WORC and DASH 

(Pearson’s correlation coefficient (PCC) = 0.71; 95% 

confidence interval (CI): 0.60-0.79) and moderate between 

the D-WORC and the OSS (PCC = 0.67; 95% CI: 0.55-0.76). 

Reliability analysis showed an ICC of 0.80 (95% CI: 0.69-0.87) 

and an internal consistency of 0.94 (95% CI: 0.92-0.95). The 

test-retest mean difference was 76.4 (± standard deviation 

= 201.40).  LOA ranged from –318.3 (95% CI: –387.8-–248.9) to 

471.2 (95% CI: 401.7-540.6) for the total WORC score. The MIC 

was –211 in the total score.

Conclusions: The D-WORC is a valid, reliable and 

responsive questionnaire that can be used in Danish 

populations. 
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Gurli og Hans Engell Friis‘ Fond, Aase og Ejnar Danielsens 

Fond, Knud og Edith Eriksons Mindefond, Region Midtjyllands 

Sundhedsvidenskabelige Forskningsfond. 

Trial registration: Danish Data Protection Agency: 1-16-

02-653-15.
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FebruaryThe Western Ontario Rotator Cuff Index 
(WORC) is a self-reported instrument to assess the 
health-related quality of life of patients with shoulder 
complaints as a consequence of rotator cuff disease [1]. 
WORC assesses five domains: physical symptoms, 
sports/recreation, work, lifestyle and emotions and is 
completed by the patient without interpretation of the 
response by a clinician [1]. Hence, it is the patient’s as-
sessment of the outcome of a treatment, which reduces 
the risk of observer bias.	

To our knowledge, the WORC is the only patient- 
reported outcome measure that measures outcomes of 
condition-specific rotator cuff disorders including im-
pingement, and it has been translated and validated 
into a number of languages [2-10].Moreover, the psy-
chometric properties of the WORC have been tested 
and have shown good validity, reliability and respon-
siveness [1, 11, 12]. Previous adaptions have found 
moderate to high correlations between the WORC and 
the Oxford Shoulder Score (OSS) and the WORC and 
the Disabilities of Arm, Shoulder, and Hand (DASH) 
questionnaire [1, 6, 7, 9, 10, 12]. However, the valid-
ity, reliability, and responsiveness of the WORC have 
not yet been investigated in a Danish-speaking popula-
tion. 

The aim of this study was therefore to translate and 
adapt the WORC into a Danish version (D-WORC) and 
to evaluate the validity, reliability and responsiveness 
of the D-WORC in a cohort of native Danish-speaking 
patients undergoing surgery for arthroscopic subacro-
mial decompression (ASD) or rotator cuff repair (RCR). 
We hypothesised that the D-WORC was positively cor-
related with other shoulder-specific questionnaires 
(OSS and DASH), but negatively correlated with a  
generic questionnaire (Medical Outcomes Study Short-
Form 36 (SF-36)). 

Methods

Translation and cross-cultural adaption

The principles of translation and cross-cultural adap-
tion were applied to the original version of the WORC 
according to recommendations and guidelines pro-
posed by Wild et al. and as described in the Dutch 
adaption [13, 14]. Written consent to translate and ap-
ply the questionnaire was obtained from the original 
developers. 

The version that was translated into Danish under-
went field-testing during face-to-face interviews with 
ten patients who had undergone the ASD and ten pa-
tients who had undergone the RCR to establish its face 
validity. None of the 20 participants interviewed re-
ported irregularities in the questions or difficulty in  
understanding the questions. This version was defined 
as the final version of the D-WORC used in the subse-
quent validation phase without further change. The  
final version of the D-WORC was accepted by the ori
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ginal developers [1] and subjected to further psycho-
metric testing.

Psychometric testing

Patients

The study was a prospective, observational cohort 
study with a three-month follow-up period on patients 

with rotator cuff disorders. Patients were recruited at 
our institutions from December 2015 to April 2017.  
After obtaining informed written consent, 126 patients 
scheduled for outpatient arthroscopic shoulder surgery 
were enrolled at the Day Surgery Unit at Horsens Re-
gional Hospital, Denmark.

Patients were included in the study if they met the 
following inclusion criteria: diagnosed subacromial dis-
ease such as impingement, biceps tendinitis and/or ro-
tator cuff tears; were candidates for surgical treatment; 
were able to communicate in Danish and would give 
their informed consent for participation. The exclusion 
criteria were age < 18 years or psychiatric illness. The 
study was approved by the Danish Data Protection 
Agency (1-16-02-653-15). 

Questionnaires

Patients were assessed at three different time points: 
preoperatively (T0), three days after the preoperative 
consultation (T1) and three months after surgery (T2). 
At T0, the following questionnaires were administered: 
the Danish version of the WORC (D-WORC), the OSS, 
the DASH and the SF-36. Additionally, questions re-
garding baseline characteristics including gender, age, 
side of affected shoulder, pain intensity, level of educa-
tion, work status, expectations to resume daily living/
work, activity level, and the Single Assessment Numeric 
Evaluation (SANE) were completed by the patients. At 
T1, only the D-WORC was administered. At T2, the ad-
ministered questionnaires included the D-WORC, the 
OSS, the DASH, the SF-36, pain intensities, the SANE 
and a global rating scale (GRS). The GRS is a seven-
point Likert scale ranging from 0 (much better/much 
improved) to 6 (much worse/much deteriorated).

Statistical analysis

Patients were analysed both as a total group and in two 
sub-groups: group ASD (subacromial disease such as 
impingement, biceps tendinitis) and group RCR (rota-
tor cuff tears). According to quality criteria for meas-
urement properties of health status questionnaires,  
a sample size of at least 50 in each subgroup was re-
quired [15]. In case of one missing value in a domain, 
the domain score was calculated using the average of 
the other items in the domain. If more than two items 
were missing in a domain, the WORC questionnaire 
was excluded from analyses [1]. 

All statistical analyses were conducted with STATA 
software version 15.0 with the alpha level set at 0.05. 
Results are presented as either mean ± standard devi
ation (SD) (parametric data) or as frequencies or medi-
ans with interquartile range (IQR) (non-parametric). 
The co-variance of the instruments was calculated us-
ing Pearson’s correlation coefficient (PCC) for paramet-
ric data and Spearman’s correlation coefficient (SCC) 

TABLE 1 / Baseline characteristics and shoulder-specific parameters.

All patients  
(N = 109) ASD (n = 73) RCR (n = 36)

Baseline characteristics

Age, mean ± SD, yrs 55.4 ± 11.7 55.5 ± 11.0 55.2 ± 13.0

Female gender, n (%) 57 (52.3) 38 (52.1) 19 (52.8)

Level of education, n (%):

Low: < 13 yr of education 24 (22.0) 19 (26.0)   5 (13.9)

High: ≥ 13 yr of education 84 (77.1) 53 (48.6) 31 (86.1)

Missing 18 (16.5)   9 (12.3)   9 (25.0)

Employment, n (%):

No 17 (15.6) 14 (19.2)   3 (8.3)

Yes 63 (57.8) 39 (53.4) 24 (66.7)

Retired 28 (25.7) 19 (26.0)   9 (25.0)

Missing 18 (16.5)   9 (12.3)   9 (25.0)

Exercise level, n (%):

No exercise 40 (36.7) 34 (46.6)   6 (16.7)

Low: 1-3 h/wk 42 (38.5) 24 (32.9) 18 (50.0)

Moderate: 4-6 h/wk 22 (20.2) 13 (17.8)   9 (25.0)

High: > 6 h/wk   4 (3.7)   2 (2.7)   2 (5.6)

Missing 18 (16.5)   8 (11.0) 10 (27.8)

Shoulder-specific parameters

SANE, mean ± SD 50 ± 10-90 50 ± 10-90 50 ± 10-80

Shoulder, right/left, n 64/45 43/30 21/15

Dominating hand, right/left, n 101/8 69/4 32/4

Pain, median (range)a:

Average pain intensity 5 (1-8) 6 (1-9) 5 (3-8)

Worst pain 7 (1-10) 7 (1-9) 7 (3-10)

Pain at rest 4 (0-9) 5 (0-10) 4 (0-9)

Pain during activity 8 (1-10) 8 (0-10) 8 (1-10)

Pain at night 6 (0-10) 6 (0-10) 6 (0-10)

Duration of symptoms, n (%):

< 3 mo.s   7 (6.4)   1 (1.4)   6 (16.7)

3-6 mo.s 21 (19.3) 11 (15.1) 10 (27.8)

6-9 mo.s   8 (7.3)   4 (5.5)   4 (11.1)

9-12 mo.s 21 (19.3) 16 (21.9)   5 (13.9)

> 12 mo.s 50 (45.9) 40 (54.8) 10 (27.8)

Missing 19 (17.4) 9 (12.3) 10 (27.8)

Expected resumption of work, n (%):

< 4 wks 31 (28.4) 27 (37.0)   4 (11.1)

1-2 mo.s 32 (29.4) 20 (27.4) 12 (33.3)

3-4 mo.s 30 (27.5) 19 (52.8) 11 (30.6)

5-6 mo.s   7 (6.4)   0   7 (19.4)

> 6 mo.s   4 (3.7)   4 (5.5)   0

Missing 22 (20.2) 11 (15.1) 11 (30.6)

ASD = arthroscopic subacromial decompression; RCR = rotator cuff repair; SANE = Single Assessment  
Numeric Evaluation; SD = standard deviation.
a) Numerical rating scale: 0-10.



Dan Med J 67/2  /  Febuary 2020  3

DANISH MEDICAL JOURNAL

for non-parametric data. Correlations were categorised 
as high if > 0.70, moderate if between 0.5 and 0.70, 
and low if < 0.50.

Based on hypothesised correlations, convergent va-
lidity was determined by estimating either the SCC or 
the PCC between the total score of the D-WORC at T0 
and the scores of the OSS, the DASH and the SF-36 at 
T0. We hypothesised that the D-WORC would be posi-
tively correlated with the OSS (0.70) and the DASH 
(0.70) and negatively correlated with the SF-36 phys
ical sum score (–0.5) and the SF-36 mental sum score 
(–0.5) at T0.  

The item response rate, ceiling/flooring effects and 
patient feedback were the three indexes for compre-
hensiveness assessment [15]. The response rate was 
considered good if it was > 95% for each item in the 
scale. Floor and ceiling effects were considered in each 
subscale if > 15% of the patients achieved the lowest 
possible score (floor effect) or the highest possible 
score (ceiling effect).

The internal consistency of the D-WORC at T0 was 
measured using Chronbach’s alpha (α) and was con
sidered to be excellent if α > 0.9, good if α > 0.8 and 
acceptable if α > 0.7. The test-retest reliability was as-
sessed between T0 and T1 for the D-WORC using the 
interclass correlation coefficient (ICC): a two-way ana
lysis of variance in a random effect model with associ-
ated 95% confidence interval (95% CI) [16]. The ICC 
values were considered excellent (ICC ≥ 0.8), good 
(ICC: 0.61-0.80), moderate (ICC: 0.41-0.60), fair (ICC: 
0.21-0.40) or poor (ICC ≤ 0.21). 

Our hypothesis was that the D-WORC would be 
highly reliable (ICC ≥ 0.8), like in other adaption  
studies [2-5]. Reliability was visualised using a Bland-
Altman plot with limits of agreement (LOA) as the 
mean difference ± 1.96 times its standard deviation. 

To assess criterion responsiveness, we chose to use 
the GRS as the gold standard for measuring change 
over time because of its high face validity [17]. At T2, 
patients were asked to rate the effect of the surgery on 
a GRS, which is a 7-point Likert scale ranging from 0 
(much better/much improved) to 6 (much worse/
much deteriorated) [17]. 

Since the assessment of construct responsiveness re-
lies on the tested hypotheses, several a priori hypothe-
ses were constructed [17]. Our hypothesis was that the 
correlation between the change in the D-WORC from 
T0 to T2 and the GRS was high in all patients and in the 
two subgroups: group ASD and group RCR. We also hy-
pothesised that the correlations between the change in 
the OSS and the DASH from T0 to T2 and the GRS were 
moderate in all patients, group ASD, and group RCR. 
Finally, we hypothesised that the D-WORC would have 
a higher area under the curve (AUC) than the OSS and 
the DASH.

Trial registration: Danish Data Protection Agency:  
1-16-02-653-15.
		

Results 

A total of 126 patients were enrolled in the study. 
Seven had their surgery cancelled on the patient’s re-
quest, leaving 119 patients at T0 of whom 109 (91.6%) 
completed the questionnaire at T0, 96 at T1 (80.7%), 
and 80 at T2 (67.2%). The item response rate varied 
from 97.5% to 100% at T0, from 97.5 to 100% at T1 
and from 96.3 to 100% at T2. Data were available from 
113 patients for evaluation of validity, 95 for evalu
ation of reliability, 75 for construct responsiveness and 
71 for criterion responsiveness. The baseline character-
istics are shown in Table 1. No significant differences 
were found between the non-responders and respond-
ers regarding baseline characteristics.

Table 2 provides an overview of the correlations be-
tween the WORC and the DASH, the OSS and the SF-
36. The correlation was high between the D-WORC and 
the DASH (PCC = 0.71; 95% CI: 0.60-0.79) and mod-
erate between the D-WORC and the OSS (PCC = 0.67; 
95% CI: 0.55-0.76). The correlation was low between 
the D-WORC and the physical sum score of the SF-36 
(PCC = –0.39; 95% CI: –0.54-–0.22) as well as be-
tween the D-WORC and the mental sum score of the 
SF-36 (PCC =–0.39; 95% CI: –0.54-–0.21).

Only one patient had the highest possible score in 
three subscales of the D-WORC (work, sports and emo-
tions) at T2. None of the participants had the lowest or 
the highest possible score in any of the subscales at T0, 
or in the total score of the D-WORC at T0 or T2. 

Patient filling out the 
Danish version of the 
Western Ontario Rota-
tor Cuff Index.
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TABLE 2 / Validity of the Dan

ish version of Western Ontario Rota-

tor Cuff Index. The values are mean 

(95% confidence interval) (N = 113).

Pearson’s correlation coefficient

OSS DASH

SF-36

PF RP BP GH VT SF RE MH PCS MCS

D-WORC, total 0.67 
(0.55-
0.76)

0.71 
(0.60-
0.79)

–0.39
(–0.53-
–0.22)

–0.38a

(–0.53-
–0.21)

–0.61 
(–0.71-
–0.47)

–0.29 
(–0.45-
–0.11)

–0.37 
(–0.52-
–0.19)

–0.39a

(–0.54-
–0.21)

–0.42a

(–0.56-
–0.25)

–0.40 
(–0.55-
–0.24)

–0.39 
(–0.54-
–0.22)

–0.39 
(–0.54- 
–0.21)

Physical symp-
toms

0.51 
(0.35-
0.63)

0.56
(0.42-
0.68)

–0.20 
(–0.37-
–0.01)

–0.19a 
(–0.36-
–0.01)

–0.41 
(–0.56-
–0.24)

–0.25 
(–0.41-
–0.06)

–0.30 
(–0.46-
–0.12)

–0.21a 
(–0.38-
–0.02)

–0.29a 
(–0.45-
–0.11)

–0.33 
(–0.49-
–0.15)

–0.18 
(–0.35-
–0.01)

–0.33 
(–0.49-
–0.15)

Sports/ 
recreation

0.49 
(0.34-
0.62)

0.56 
(0.42-
0.67)

–0.38 
(–0.53-
–0.21)

–0.33a

(–0.48-
–0.15)

–0.38 
(–0.53-
–0.21)

–0.26 
(–0.43-
–0.08)

–0.29 
(–0.45-
–0.11)

–0.26a 
(–0.43-
–0.80)

–0.21a 
(–0.38-
–0.03)

–0.24 
(–0.41-
–0.06)

–0.43 
(–0.57-
–0.26)

–0.18 
(–0.36-
–0.01)

Work 0.56a 
(0.42-
0.67)

0.53a

(0.38-
0.65)

–0.41a

(–0.55-
–0.24)

–0.32a 
(–0.48-
–0.15)

–0.50 a 
(–0.63-
–0.34)

–0.10a

(–0.28-
–0.08)

–0.13a 
(–0.31-
–0.06)

–0.13 a 
(–0.31-
–0.06)

–0.27a

(–0.43-
–0.09)

–0.17a 
(–0.34-
–0.02)

–0.38a 
(–0.53 
––0.20)

–0.15a 
(–0.33-
–0.04)

Lifestyle 0.65 
(0.53-
0.75)

0.74 
(0.64-
0.81)

–0.37 
(–0.52-
–0.20)

–0.29a 
(–0.45-
–0.11)

–0.60 
(–0.71-
–0.46)

–0.24 
(–0.40-
–0.06)

–0.31 
(–0.47-
–0.13)

–0.36 a 
(–0.52-
–0.19)

–0.30a

(–0.46-
–0.12)

–0.30 
(–0.46-
–0.12)

–0.40 
(–0.55-
–0.23)

–0.28 
(–0.45-
–0.10)

Emotions 0.36 
(0.19-
0.51)

0.33 
(0.15-
0.48)

–0.28 
(–0.44-
–0.10)

–0.34a

(–0.49-
–0.16)

–0.41 
(–0.56-
–0.24)

–0.25 
(–0.42-
–0.07)

–0.32 
(–0.48-
–0.14)

–0.39a 
(–0.54-
–0.22)

–0.46a

(–0.60-
–0.30)

–0.50 
(–0.63-
–0.35)

–0.19 
(–0.37-
–0.00)

–0.48 
(–0.61-
–0.32)

BP = bodily pain; D-WORC = Danish version of Western Ontario Rotator Cuff Index; DASH = Disabilities of Arm, Shoulder and Hand question-
naire; GH = general health; MH = mental health; MCS = Mental Component Summary; OSS = Oxford Shoulder Score; PCS = Physical Component 
Summary; PF = physical functioning; RE = role emotional; RP = role physical; SF = social functioning; SF-36 = Short Form 36; VT = vitality. 
a) Spearman’s correlation coefficient.

TABLE 3 / Reliability of the Danish version of Western Ontario Rotator Cuff Index (N = 95).

Chronbach‘s α,  
mean (95%CI) ICC, mean (95%CI)

Score, test-retest, mean ± SDa
LOAlower,  
mean (95%CI)

LOAupper,   
mean (95%CI)T0 T1 difference

D-WORC, total 0.94 (0.92-0.95) 0.80 (0.69-0.87) 1,310 ± 320.5 1,399 ± 368.7 76.4 ± 201.4 –318 (–388-–249) 471 (402-541)

Physical symptoms 0.79 (0.72-0.85) 0.79 (0.69-0.85)    362 ± 106.2    363 ± 115.1 –5.9 ± 70.5 –144 (–168-–120) 132 (108-157)

Sports/recreation 0.87 (0.82-0.90) 0.60 (0.45-0.71)    287 ± 76.0    297 ± 98.2) 13.4 ± 78.8 –141 (–168-–114) 168 (141-196)

Work 0.88 (0.84-0.91) 0.82 (0.74-0.87)    309 ± 70.0    309 ± 73.9) –3.0 ± 43.7 –89 (–104-–74)   83 (68-98)

Lifestyle 0.68 (0.59-0.76) 0.80 (0.71-0.86)    252 ± 88.9    258 ± 88.9) 3.6 ± 55.1 –104 (–123-–85) 112 (93-131)

Emotions 0.42 (0.20-0.60) 0.71 (0.59-0.80)    189 ± 76.2    178 ± 82.0) –12.3 ± 58.3 –127 (–147-–106) 102 (82-122)

CI = confidence interval; D-WORC = Danish version of Western Ontario Rotator Cuff Index; ICC = interclass correlation coefficient; LOA = limits of agreement; SD = standard deviation;  
T0 = preoperatively at the preoperative consultation; T1 = 3 days after preoperative consultation.
a) Score ranging 0-2,100. 

TABLE 4 / Construct and criterion responsiveness.

Change in score, 
T0-T2, mean ± SD

Construct responsiveness: correlationa, D-WORC, 
mean (95%CI)

Criterion responsiveness: correlationa, GRS,  
mean (95%CI)

ROC-analysis, AUC,  
mean (95%CI)

all patients  
(n = 76)

all patients  
(n = 75)

ASD 
(n = 48)

RCR 
(n = 27)

all patients  
(n = 71)

ASD 
(n = 45)

RCR 
(n = 26)

all patients 
(n = 63)

D-WORC –377 ± 561.0 __ __ __ 0.73b (0.59-0.82) 0.73b (0.55-0.84) 0.7b (0.56-0.90) 0.88b (0.78-0.97)

OSS –6.8 ± 10.4 0.73 (0.60-0.82) 0.71 (0.53-0.83) 0.78 (0.57-0.89) 0.56b (0.37-0.70) 0.5b (0.28-0.72) 0.6b (0.32-0.82) 0.78b (0.66-0.90)

DASH –16.2 ± 21.7 0.77 (0.68-0.86) 0.83 (0.72-0.91) 0.68 (0.41-0.84) 0.5b (0.35-0.68) 0.61b (0.39-0.77) 0.47b (0.10-0.73) 0.74b (0.61-0.86)

ASD = arthroscopic subacromial decompression; AUC = area under the curve; D-WORC = Danish version of the Western Ontario Rotator Cuff Index; DASH = Disabilities of Arm, Shoulder and 
Hand questionnaire; GRS = global rating scale; OSS = Oxford Shoulder Score; RCR = rotator cuff repair; ROC = receiver-operating characteristic curve; SD = standard deviation; T0 = preopera
tively at the preoperative consultation; T2 = 3 mo.s after surgery. 
a) > 0.70 = high, 0.5-0.7 = moderate, < 0.5 = low. 
b) Spearman’s correlation coefficient.
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Table 3 provides an overview of the reliability of 
the D-WORC. The test-retest reliability of the D-WORC 
was found to be good (ICC = 0.80; 95% CI: 0.69-0.87). 
The single-item ICCs ranged from 0.60 to 0.82 (moder-
ate to excellent). The Bland-Altman plot revealed a 
test-retest mean difference of 76.4 ± SD 201.4) with  
an LOAlower of –318.3 (95% CI: –387.8-–248.9) and an 
LOAupper of 471.2 (95% CI: 401.7-540.6) for the 
D-WORC. 

The internal consistency of the D-WORC was excel-
lent for both groups (α = 0.94; 95% CI :0.92-0.95), 
group ASD (α = 0.94; 95% CI: 0.92-0.96) and group 
RCR (α = 0.93; 95% CI: 0.89-0.95).

Table 4 offers an overview of the construct and  
criterion responsiveness with low to high correlations. 
The D-WORC (AUC = 0.88; 95% CI: 0.78-0.97) had a 
higher AUC than the OSS (AUC = 0.78; 95% CI: 0.66-
0.90) and the DASH (AUC = 0.74; 95% CI: 0.61-0.86).

Discussion

The present study showed that the Danish adaption of 
the WORC, i.e. the D-WORC, is reliable and responsive 
for assessing individuals with rotator cuff disorders 
treated with ASD and/or RCR. The correlations be-
tween the D-WORC and the DASH are in agreement 
with other adaptations (–0.65 and –0.86) [6, 7, 12]. 
This was expected since the D-WORC and the DASH 
have many similar items, e.g. the number of symptoms 
the patient has experienced in the past week as related 
to the problematic shoulder. Compared to other adap-
tations (0.69-0.84), the correlation between the D-
WORC and the OSS was slightly lower than expected 
[2, 5, 8]. This was also the case with the SF-36 physical 
sum score (0.52-0.65) [7, 9, 10]. However, the SF-36 
mental sum score was in line with the SF-36 mental 
sum score found in the Brazilian adaption (0.30) [9]. 
As predicted, we only found a low to modest correla-
tion between the SF-36 and the disease-specific WORC 
because a global health status tool like, e.g., the SF-36 
is likely to be insensitive to changes in one joint. It is 
important to bear in mind the known cultural differ-
ences of, e.g., the SF-36 between the different adap-
tions; hence, the impact of this should be investigated 
in future studies [18, 19].

The response rate was lower than hypothesised and 
did not reach the recommended 80% at T1 and T2, and 
selection bias cannot be ruled out [20]. However, sev-
eral of the patients were excluded from the analyses 
due to cancelled operations and not because they were 
lost to follow-up. Since a high item response rate and 
no flooring or ceiling effects were observed, we con-
clude that the D-WORC shows good comprehensive-
ness and is suitable for the study population.

The test-retest reliability was found to be good. 
Since a heterogeneous group of patients was investi-

gated, it is important to keep in mind that the ICC is 
highly dependent on the variation of the study sample 
and is only generalisable to samples with a similar vari-
ation. The recommended ICC for an assessment tool is 
ICC < 0.70 for a large group (as in research) or ICC < 
0.90 for individuals [9, 21]. Hence, present results in-
dicate that the D-WORC has sufficient reliability for use 
in a large group but may not be suitable for individual 
patient assessment.

The relatively high values for LOA of the five do-
mains indicate a rather large difference between meas-
urement error and real change over time. However, the 
LOAs of the D-WORC score are comparable to the LOAs 
found in other adaptions, which may be due to the het-
erogeneous study populations [5, 6]. As seen in our 
and in the Swedish adaption, the highest LOA was 
found in the sports domain because some participants 
never do push-ups or carry out throwing actions. This 
could have contributed to the lower internal consist-
ency of the sports domain, but this did not affect the  
reliability [2]. 

The overall scale of the D-WORC and its subscales 
have a good responsiveness, suggesting that they can 
detect changes in the functional status of patients who 
have undergone ASD and RCR with good sensitivity. 
We found that the D-WORC correlates better with 
change scores and has a higher AUC than the OSS and 
the DASH. Ekeberg et al. also found that the WORC had 
a higher AUC than the OSS and the Shoulder Pain and 
Disability Index (SPADI) in patients with rotator cuff 
disease receiving corticosteroid injection therapy.  
A possible explanation for this might be that the 
D-WORC is more disease-specific, i.e. related to rotator 
cuff disorders, than the OSS and DASH. 

The present study has a few shortcomings. Firstly, 
the overall sample size was more than sufficient, but 
when studying the two subgroups, group ASD and 
group RCR, less than the required sample size of 50 
was reached at T1 and T2 in group RCR. Secondly, a 
factor analysis is commonly done before Chronbach’s α 
is calculated. However, the sample size in the present 
study was too limited to perform a factor analysis. For 
the same reason, we chose not to perform a confirma-
tory and a Rash analysis. Finally, it can be argued that 
the GRS could be influenced by recall bias, since pa-
tients were asked to compare their shoulder disorder 
three months after surgery with their shoulder disorder 
preoperatively. We recommend that future studies with 
larger sample sizes be undertaken to perform confirma-
tory and Rash analyses.

Conclusions

The WORC was successfully translated and adapted 
into a Danish version. Despite the relatively high LOA 
values, the D-WORC seems to be a reliable measure-
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ment tool for assessing health-related quality of life in 
patients undergoing ASD and/or RCR in the Danish 
population. The authors suggest that the D-WORC can 
be used in the functional status evaluation of large 
groups of patients undergoing ASD and/or RCR, since 
the D-WORC may not be suitable for individual patient 
assessment. The cross-cultural validity, including con-
firmatory analysis and Rash analysis, needs further in-
vestigation. 
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