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The American Shoulder and Elbow Score Is Highly
Correlated With the Western Ontario Rotator Cuff
Index and Has Less Responder and Administrator

Burden

Keith M. Baumgarten, M.D., Brett J. Barthman, M.S., and Peter S. Chang, M.D.
Purpose: To compare the correlation, responsiveness, and responder and administrator burdens of the American
Shoulder and Elbow Score (ASES) with the Western Ontario Rotator Cuff Index (WORC) for patients undergoing
arthroscopic rotator cuff repair to determine whether one score is superior to the other to limit the use of multiple scoring
measures when tracking patient outcomes. Methods: A retrospective review of a database of patients undergoing
arthroscopic rotator cuff repair was reviewed where the ASES was simultaneously recorded with the WORC. Correlations
were determined using the Pearson coefficient. Subgroup analysis was performed to determine if correlations differed in
(1) preoperative outcome and (2) postoperative outcome determinations. Responsiveness was determined by calculating
the standardized response mean and the effect size of both scores. Responder and administrator burden was examined
using 50 consecutively scored WORC and ASES scores by determining the number of questions accurately answered and
the length of time taken to score each questionnaire. Results: Correlation was excellent for the ASES and WORC (r ¼
0.90). The correlation of preoperative scores was strong-moderate (r ¼ 0.69), and the correlation of postoperative scores
was excellent (r ¼ 0.86). The standardized response mean WORC ¼ 2.3; ASES ¼ 2.2) and the effect size (WORC ¼ 2.9;
ASES ¼ 2.8) demonstrated comparable responsiveness. In total, 71.5% of the WORC questions were able to be scored
compared with 93.3% for the ASES (P < .0001). The mean time to score the WORC was significantly greater than the
ASES (154 vs 23 seconds; P < .0001). Conclusions: There is excellent correlation and comparable responsiveness be-
tween the ASES and WORC. Since there is greater responder and administrative burden for the WORC score, the authors
recommend using the ASES over the WORC in patients undergoing rotator cuff repair. Level of Evidence: Level IV,
diagnostic series.
n an era of value-based medicine, it is essential that
Iboth clinicians and researchers track patient out-
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patients. Porter and Lee1 suggested that the rigorous
measurement of value (outcomes and costs) is perhaps
the single most important step in improving health
care. Patient-determined outcome scores have become
the standard for determining outcomes after treatment
interventions. In a review of shoulder rating scales
published in 2010, at least 26 different shoulder
outcome scores were available to choose from to track
patient outcomes.2 At this time, there is no consensus
as to which scales should be considered for either
clinical or research purposes. It would be ideal to
identify one single quality-of-life outcome score that
could be universally accepted among shoulder clini-
cians and researchers to track outcomes in patients with
shoulder pathology. However, at this time, that one
ideal patient outcomes measure either does not exist or
has not been identified. Thus, it is important to identify
scores that may be redundant and unnecessarily in-
crease responder burden without adding additional
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psychometric benefit. Scores that are highly correlated
may be considered redundant, and an investigator may
want to avoid using them simultaneously.
Some have recommended including both a joint-

specific outcome score and a disease-specific outcome
score when assessing patient outcomes to provide a
comprehensive assessment of patient-determined out-
comes.2 The American Shoulder and Elbow Score
(ASES) is an example of a joint-specific outcome score,3

whereas the Western Ontario Rotator Cuff Index
(WORC) is an example of a disease-specific score.4 Both
scores are commonly used simultaneously to assess
outcomes in patients with rotator cuff tears.5-14

Although it is a more comprehensive assessment,
patients are burdened when asked to answer multiple
scales simultaneously. In 1 study, patients required an
average of 18-20 minutes to complete the multiple
scales used.15 We have found that the WORC score has
a high responder burden, with patients often having
confusion in how to correctly complete the visual
analog scales required by this outcomes instrument. It is
not unusual for patients to incorrectly complete the
questionnaire, thus invalidating the results of the pa-
tient outcomes tool. It has been our anecdotal experi-
ence that approximately 20% of patients incorrectly
answer the WORC form regardless of the instructions
being highlighted on the survey itself. To obtain valid
results in these circumstances when patients have a
difficult time accurately completing the outcome score,
the physician/researcher is further burdened to instruct
the patient on how to correctly complete the form, and
the patients are additionally burdened when they have
to complete the form twice.
The purpose of this study was to compare the corre-

lation, responsiveness, and responder and adminis-
trator burdens of the ASES with the WORC undergoing
arthroscopic rotator cuff repair to determine whether 1
score was superior to the other to limit the use of
multiple scoring measures when tracking patient out-
comes. Eliminating the simultaneous use of redundant
scoring systems would further decrease responder and
administrator burden and may potentially make
shoulder outcomes research more reliable, accurate,
and decrease the percentage of subjects lost to follow-
up. We hypothesized that the ASES rating would
highly correlate with the WORC for patients undergo-
ing arthroscopic rotator cuff repair and that the WORC
and ASES scores would both be highly responsive and
comparable with each other in regard to sensitivity to
change of clinical status.

Methods
After intuitional review board approval (University of

South Dakota IRB-19-36), the senior author’s (K.M.B.)
registry of patients undergoing arthroscopic rotator cuff
repair from January 2008 until December 31, 2020,
was deidentified and then retrospectively reviewed.
Data from this registry have been included in previously
published manuscripts.5,6 Inclusion criteria were pa-
tients that had an arthroscopic rotator cuff repair and
had a preoperative and/or postoperative ASES score
recorded simultaneously with a WORC score. All
outcome scores were completed in a pen-and-paper
format. Patients with procedures performed concomi-
tant to the arthroscopic rotator cuff repair such as
subacromial decompressions, acromioclavicular joint
resections, biceps tenodesis, and labral tears also were
included. Patients who had a procedure that did not
include an arthroscopic rotator cuff repair or those that
did not have simultaneously recorded ASES and WORC
scores were excluded. Indications for arthroscopic
rotator cuff repair were patients with a symptomatic,
full-thickness rotator cuff tear in which a patient-
determined, shared-decision making model was used
with the surgeon (K.M.B.) providing education, guid-
ance, and informed consent to the treatment options
available to the patient.
Correlations between scores were determined using a

Pearson correlation coefficient (r > 0.7 excellent, r ¼
0.61-0.7 strong-moderate, r ¼ 0.31-0.6 moderate, r ¼
0.2-0.3 poor). Correlation analysis also was stratified for
preoperative scores and postoperative scores. Respon-
siveness was measured by determining (1) the stan-
dardized response mean (SRM) and (2) the effect size.
The SRM was calculated by dividing the mean change
in the outcome scores by the standard deviation of the
amount of change of each score. Greater magnitudes in
the SRM demonstrate greater sensitivity to change.16

The effect size was calculated by subtracting the mean
preoperative score from the mean postoperative score
and dividing it by the standard deviation of the preop-
erative score. Large effect sizes were considered
>0.80.17

To investigate the aims of examining responder and
investigator burden, a predefined, matched comparison
group of 50 consecutive simultaneously recorded
WORC and ASES scores were examined by the senior
author (K.M.B.). The number of incorrectly scored
questions was recorded. An incorrectly scored question
was defined as a question left blank and unanswered, a
question with duplicate answers, or an answer to a
visual analog question of which the senior author could
not accurately measure. In addition, the time to score
each completed outcome measure was recorded with a
digital stopwatch. The Student t test was used to
examine differences between normally distributed
groups and ManneWhitney U test was performed for
non-normally distributed groups, and c2 testing to
analyze discrete variables. The level of significance was
set at .05.



Fig 1. Scatterplot of simultaneous WORC
and ASES scores. (ASES American Shoul-
der and Elbow Score; WORC, Western
Ontario Rotator Cuff Index.)

Table 1. Comparison of Mean WORC and ASES Scores

WORC ASES P Value

Preoperative (n ¼ 823) 42 � 17 43 � 17 .38
6 weeks (n ¼ 37) 57 � 15 54 � 14 .17
12 weeks (n ¼ 49) 73 � 18 70 � 16 .16
18 weeks (n ¼ 38) 81 � 17 79 � 16 .35
6 months (n ¼ 46) 86 � 16 85 � 16 .56
12 months (n ¼ 48) 90 � 14 89 � 14 .24
Final follow-up
Mean 3.7 years (n ¼ 498)

88 � 16 88 � 17 .85

NOTE. Values are shown as mean � standard deviation.
ASES American Shoulder and Elbow Score; WORC, Western

Ontario Rotator Cuff Index.
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Results
Correlation was excellent for the ASES andWORC for

all patients undergoing arthroscopic rotator cuff repair
(n ¼ 1321; r ¼ 0.90; P < .0001) (Fig 1). The correlation
of preoperative scores was strong-moderate (n ¼ 823;
r ¼ 0.69; P < .0001) and the correlation of post-
operative scores was excellent (n ¼ 498; r ¼ 0.86; P <
.0001). Postoperative score assessment occurred at 6
weeks (n ¼ 37; r ¼ 0.75; P < .0001), 12 weeks (n ¼ 49;
r ¼ 0.78; P < .0001), 18 weeks (n ¼ 38; r ¼ 0.87; P <
.0001), 6 months (n ¼ 46; r ¼ 0.79; P < .0001), 1 year
(n ¼ 8; r ¼ 0.88; P < .0001), and final follow-up (mean
3.7 years), which ranged from 2 years to 7.5 years (n ¼
280; r ¼ 0.81; P < .0001). There was not a statistically
significant difference between mean ASES and WORC
scores respectively at any time point recorded (Table 1).
Both scores were determined to be highly responsive
and comparable with the standardized response, mean
of the WORC was 2.3 and the ASES was 2.2. The effect
size of the WORC was 2.9 and the ASES was 2.8.
The mean number of questions unable to be accu-

rately scored per outcomes measure was 5.9 for the
WORC (21 total questions) and 0.74 for the ASES score
(11 total questions) (P ¼ .01). The percentage of
questions able to be scored for the WORC was 71.5%
compared with 93.3% for the ASES score (P < .0001).
Eleven patients responded incorrectly to all 21 of the
WORC questions, whereas the greatest number of
questions left unanswered on the ASES was 3 (Table 2).
The majority of the questions that were not completed
in the ASES were the sports and work questions (28 of
the 37 unanswered questions), which may reflect that
this population does not typically participate in sports
and are no longer working. The mean duration of time
taken for the investigator to score the WORC was
significantly greater than the ASES (154 vs 23 seconds;
P < .0001).

Discussion
This study demonstrates that in general the ASES

score (a joint-specific score) and the WORC score (a
disease-specific score) have excellent correlation in
patients undergoing arthroscopic rotator cuff repair.
Thus, it appears that their simultaneous use may be
redundant, and one may consider eliminating one of
these scores when tracking patient outcomes to
decrease responder and administrator burden. It ap-
pears that it is not essential to simultaneously record
both a joint-specific score and a disease-specific score if
either the ASES or WORC is used. This study also
confirmed that both scores were highly responsive, and
it does not appear that one is superior to the other in
detecting change in clinical status after arthroscopic



Table 2. Successful Scoring of the WORC Compared With the
ASES

WORC (21
Scored

Questions)

ASES
(11 Scored
Questions)

Successful scoring of all questions 23 29
Unable to score 1 question 5 10
Unable to score 2 questions 2 6
Unable to score 3 questions 3 5
Unable to score 4 questions 1
Unable to score 5 questions 3
Unable to score 6 questions 1
Unable to score 19 questions 1
Unable to score 21 questions 11
Total 50 50

NOTE. An incorrectly scored question was defined as a question left
unanswered, a question with duplicate answers, or an answer to a
visual analog question of which could not be accurately measured.
ASES American Shoulder and Elbow Score; WORC, Western

Ontario Rotator Cuff Index.
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rotator cuff repair. In addition, this study demonstrated
it is more difficult for the patient to successfully com-
plete the WORC compared with the ASES. This is due
to some patients having difficulty in comprehending
how to answer the visual analog scales that are
inherent to the Western Ontario shoulder scoring sys-
tems (Fig 2). Twenty-two percent of patients answered
all 21 questions on the WORC measure incorrectly,
suggesting that rather than some questions not being
applicable to their life situation (eg, questions about
work in retired people), the patients could not
comprehend how to complete the visual analog
scaleebased questionnaire. This occurred regardless
that the instructions were highlighted on the ques-
tionnaire. In these situations, our clinician/researcher
was required to ask the patient to complete another
WORC form after verbal and visual demonstration of
how to complete the outcome measure which increased
administrator and responder burden. Lastly, this study
demonstrates that it takes a significantly longer dura-
tion of time for the clinician/researcher to score the
WORC score compared with the ASES.
The ASES score was developed in 1994 to be a

general shoulder score that could be applied to all
patients regardless of the diagnosis.2,3 The self-
assessment section has 3 domains that includes a
single, numeric-based visual analog scale and a 10
question activities of daily living scale.3 The duration
required for patients to complete the ASES ranged
from 1.8 to 10 minutes, which was significantly longer
than the durations found in our study.3,18-23 The ease
of scoring has been considered difficult,24 although
Razmjou et al.25 has stated that the superiority of the
ASES is its “practicality of being administered in and
scored under 5 minutes as compared to 10 to 15 mi-
nutes for more lengthy measures” and Roy et al.26
suggested that the administrative burden was low.
The ASES has been shown to be a reliable, valid, and
responsive outcome tool.18,26 A systematic review
determined that the ASES had one of the smallest
absolute error of measurements compared to multiple
outcome scores including the WORC.27 When exam-
ining responsiveness, the minimal clinically important
difference of the ASES was 11.1 suggesting that a
11.1% change in the total score will demonstrate an
important difference.28 Kocher et al.17 reported that
the floor and ceiling effects of the ASES were accept-
able. The American Shoulder and Elbow Surgeons
Value Committee has recommended it as a outcomes
tool that should be used for all patients with shoulder
pathology.29

The Western Ontario disease-specific shoulder scores
were developed by Kirkley et al.30 using similar meth-
odologies including item reduction and validation using
multiple 100-mm visual analog scales anchored by both
ends by the extremes of the items being measured. In
2003, the WORC was developed as a tool to measure
quality of life in patients with rotator cuff disease and
includes 21 questions divided into 5 domains.4,30 The
WORC has been shown to be reliable and valid.30

When examining responsiveness, the minimal clini-
cally important difference of the WORC was 245.26,
suggesting that an 11.7% change in the total score will
demonstrate an important difference.28,30 The ease of
scoring has been considered only moderate, with 10 to
15 minutes required to complete the questionnaire.24,27

Since there are excellent correlations between the
scores, it appears that simultaneous use of these scores
is unnecessary. Thus, the authors recommend using the
ASES score instead of the WORC score for several
reasons. First, it is our experience that patients have
more difficulty correctly completing the WORC score
compared with the ASES score, which (1) increases
responder and physician burden and (2) decreases the
validity of measuring patient outcomes (Fig 2). A sys-
tematic review authored by St-Pierre agreed with our
assessment that the WORC had a greater administration
burden than the ASES.27 Second, it takes longer for the
clinician/researcher to score the WORC compared with
the ASES. Third, it appears that historically the ASES is
more commonly used score than the WORC. When
searching a publicly available online database and
searching for the combined terms “rotator cuff” and
“WORC score,” 77 references were found (https://
www.ncbi.nlm.nih.gov/pubmed/?term¼rotatorþcuffþ
andþWORCþscore). When searching for the combined
terms “rotator cuff” and “ASES score,” 365 references
were found (https://www.ncbi.nlm.nih.gov/pubmed/?
term¼rotatorþcuffþandþASESþscore). Razmjou
et al.25 has suggested that the ASES is the most widely
used subjective joint-specific score. Fourth, it does not
appear that one score is clinically more responsive than
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Fig 2. Patients may often have
difficulty following the directions
of the patient outcome survey,
resulting in an invalid outcome
score. This is an example of the
WORC score incorrectly
completed regardless that the in-
structions are printed and even
highlighted at the top of the out-
comes form. (WORC, Western
Ontario Rotator Cuff Index.)
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the other. In addition to this study demonstrating
comparability of the responsiveness between the
WORC and the ASES, when we examined respon-
siveness in relation to the minimal clinically important
difference, both scores require approximately 11%
change to determine the minimal clinically important
difference.30 Lastly, the American Shoulder and Elbow
Surgeons Value Committee endorses the use of the
ASES as an outcomes tool that should be used for all
patients with shoulder pathology, with only providing a
recommendation for use of the WORC for research
purposes.29 Similar to our recommendation, Vidt
et al.31 recommended the use of the ASES over the
WORC, since it correlated with functional strength
outcomes better than the WORC.
Several previous studies demonstrated strong-

moderate to excellent correlations between the
WORC and ASES.4,16,25,33 In contrast, another study
that included 80 subjects in the military with rotator
cuff tears did not find a strong correlation between the
WORC and ASES.15 However, this study differed from
our study, since it only included patients at initial pre-
sentation and did not record scores after surgical
intervention.
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The strengths of our study include the large sample
size, which significantly exceeds similar previous
studies,4,15,16,25,31 the inclusion of both preoperative
and postoperative scores, which is rare in previous
studies,16,25 and examination of a homogenous popu-
lation of only patients who had a rotator cuff tear that
required arthroscopic rotator cuff repair, whereas most
other published studies included patients with a varying
degrees of rotator cuff pathologies.4,15,16,25,31

Limitations
The limitations of this study include its retrospective

design. In addition, other than correlation, responsive-
ness, and responder and administrator burdens, this
study was not structured to determine other psycho-
metric properties such as reliability, internal consis-
tency, or minimal clinically important differences. In
addition, this study does not assess a computer-
administrated format for the WORC and ASES, which
may affect both responder and administrator burdens.

Conclusions
There is excellent correlation and comparable

responsiveness between the ASES and WORC. Since
there is greater responder and administrative burden
for the WORC score, the authors recommend using the
ASES over the WORC in patients undergoing rotator
cuff repair.
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