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Responsiveness of patient-reported outcomes in
shoulder arthroplasty: what are we actually
measuring?
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Hypothesis: The purpose of this study was to determine the prevalence and responsiveness of common patient-reported outcome (PRO)
tools in patients undergoing primary total shoulder arthroplasty (TSA) for glenohumeral arthritis.
Methods: Using Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines, a systematic review of anatomic and
reverse TSA studies from PubMed, SportDiscus, Cochrane, and CINAHL was performed. Studies on primary TSA for glenohumeral
arthritis that reported at least 1 PRO tool were included in the final analysis. A subgroup analysis of studies that reported preoperative
and postoperative PRO scores with at least 2-year follow-up data was evaluated to compare the responsiveness between the different
PRO instruments.
Results: After full-text review of 490 articles, 74 articles met all inclusion criteria and were included in the final analysis. Anatomic TSA
was evaluated in 35 studies, reverse TSA in 32 studies, and both anatomic and reverse in 7 studies. Therewere a total of 7624 patients, and 25
different PRO tools were used. The most commonly reported PRO tools were the American Shoulder and Elbow Surgeons (44 studies),
Constant (42 studies), the visual analog scale for pain (23 studies), and the Simple Shoulder Test (17 studies). A median of 3.0 PRO instru-
ments were used in each study. All instruments had large effect sizes. The University of California at Los Angeles (UCLA) scorewas found
to be the most responsive instrument, and the Single Assessment Numeric Evaluation score was least responsive. The American Shoulder
and Elbow Surgeons score was the most responsive instrument that required only patient-reported data.
Conclusion: Overall, the UCLA score was found to be the most responsive followed by the Adjusted Constant. However, both the
UCLA and Adjusted Constant scores require strength and range of motion assessment that may limit their widespread clinical use.
The increased responsiveness of these measures, which include objective clinical testing, speaks to the predicted increases in strength
and range of motion after shoulder arthroplasty. Of the measures that can be administered without in-person clinical evaluation, the
American Shoulder and Elbow Surgeons score and Western Ontario Osteoarthritis of the Shoulder index were the most responsive.
Level of evidence: Meta-analysis; Basic Science Study; Validation of Outcome Instruments
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Patient-reported outcomes (PROs) have become
increasingly critical components of evaluating a wide va-
riety of orthopedic conditions and procedures, having
utility in both research and clinical practice.8,23 In addition,
a growing emphasis on patient satisfaction and cost-
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effectiveness within the health care system leads to an even
greater need to accurately and efficiently evaluate patient
outcomes.2,21 A multitude of validated PROs exist for the
shoulder, ranging from general shoulder assessments to
disease-specific tools, including measures specific for
instability, rotator cuff pathology, and glenohumeral
arthritis.15,28 Selecting the most appropriate instrument to
evaluate a specific patient population remains a challenge
for clinicians and researchers.9

Responsiveness is a measure of a PRO tool’s ability to
accurately and efficiently reflect a change within a popu-
lation over time and is an important psychometric prop-
erty.3,13 Measuring responsiveness allows comparison of
multiple tools to determine the optimal combination of
PROs to evaluate outcomes of specific interest.6 The rela-
tive responsiveness of PROs for rotator cuff and shoulder
instability has been described in the literature; however,
responsiveness for PROs used to evaluate patients under-
going shoulder arthroplasty is limited.27 The purpose of this
study was to determine the prevalence and responsiveness
of common PROs used to evaluate patients undergoing
primary anatomic or reverse total shoulder arthroplasty
(TSA) for glenohumeral arthritis based on a systematic
review of the literature.
Methods

Systematic review

Using the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines, a systematic review of anatomic and
reverse TSA studies was conducted. The PubMed, SportDiscus,
Cochrane, and CINAHL databases were searched using the terms
‘‘shoulder arthroplasty’’ and ‘‘outcomes’’ and the terms ‘‘shoulder
arthroplasty’’ and ‘‘patient reported outcomes.’’19 Included pub-
lications were limited to English language studies on human
subjects assessing outcomes after primary TSA for glenohumeral
arthritis published between May 18, 2007, and May 17, 2017.
Exclusion criteria included studies that did not use standardized
forms of PROs, studies that were not primary research (such as
review articles or case reports), anatomic/technique articles,
studies on arthroplasty for the treatment of fractures or revision
arthroplasty, studies without a full-text manuscript, and articles
not available in English.
Subgroup statistical analysis

For each eligible study, the PROs used, number of patients, mean
follow-up time, and the preoperative and postoperative means and
standard deviations were recorded. A subgroup analysis of studies
that reported preoperative and postoperative PRO scores with at
least 2-year follow-up data was evaluated to compare the
responsiveness between the different PRO instruments. Only ar-
ticles using at least 2 PROs and reporting preoperative and post-
operative means and standard deviations were able to be used for
this subgroup analysis.
Effect size and relative efficiency (RE) were calculated and used
to directly compare the responsiveness between PROs.16,20,27 Effect
size, determined individually for each PRO, was calculated by
dividing the difference between postoperative and preoperative
mean scores by the preoperative standard deviation. Effect size is a
measure of magnitude of change within the tool after surgical
intervention. An effect size is considered small if it is between 0.20
and 0.49, moderate if between 0.50 and 0.79, and large if �0.80.7

RE, determined from articles reporting multiple PROs, was
calculated to compare each tool. RE was calculated by dividing
the t score from paired t tests of one PRO by the t score of other
PROs within the same study and squaring the results. An RE of
>1 for one PRO compared with another indicates that the initial
tool is ‘‘more responsive’’ than second.17,20 Inversely, an RE of
<1 indicates that a PRO is ‘‘less responsive’’ than a second to
which it is being compared.
Results

Prevalence of PROs

Initial search yielded 687 abstracts. Duplicates were then
removed, leaving 490 unique articles. After screening by
title and abstract, 144 articles were identified for full-text
review, of which 74 met inclusion criteria (Fig. 1). Thirty-
five articles evaluated anatomic TSA, 32 evaluated reverse
TSA, and 7 evaluated both, with a total of 7694 proced-
ures included in all studies. Twenty-five unique PRO tools
were reported, with a mean of 3.0 per study. The Amer-
ican Shoulder and Elbow Surgeons (ASES) score was the
most common (44 studies), followed by the Constant
score (42 studies), the visual analog scale for pain (23
studies), and the Simple Shoulder Test (SST, 17 studies)
(Table I).
Subgroup analysis

Sixteen articles reported pre- and postoperative PRO means
and standard deviations and were included in the subgroup
analysis (Supplementary Appendix S1). These 16 studies
included a total of 2488 patients. A total of 10 PROs were
reported with a mean of 4.0 PROs per study (Table II). The
ASES and Constant were again the most common in-
struments (12 studies each), followed by the Adjusted
Constant (5 studies), Western Ontario Osteoarthritis of the
Shoulder index (WOOS) (5 studies), SST (4 studies),
University of California at Los Angeles score (UCLA) (3
studies), Shoulder Pain and Disability Index (3 studies),
Single Assessment Numeric Evaluation (SANE) (3
studies), and Subjective Shoulder Value (SSV) (2 studies).
The Oxford Shoulder Score and Activities of Daily Living
that require active External Rotation score were used by a
single study each within the subgroup, and were thus
excluded from responsiveness analysis.
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Figure 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram of article inclusion. PRO, patient-reported
outcome; SD, standard deviation.

Table I Prevalence of PROs in all 74 studies identified

PRO Number of studies PRO Number of studies

ASES 44 DASH 3
Constant 42 VAS function 3
VAS pain 23 Penn 2
SST 17 SF-36 MCS 2
Adjusted Constant 14 SF-36 PCS 2
SPADI 8 ADLER 1
UCLA 8 DSST 1
WOOS 8 EQ5D 1
SSV 7 MACTAR 1
OSS 6 QuickDASH 1
SF-12 PCS 6 Penn Function 1
SANE 5 Penn Pain 1
SF-12 MCS 5

PRO, patient-reported outcome; ASES, American Shoulder and Elbow Surgeons score; VAS, visual analog score; SST, Simple Shoulder Test; SPADI, Shoulder

Pain and Disability Index; UCLA, University of California at Los Angeles score; WOOS, Western Ontario Osteoarthritis of the Shoulder index; SSV,

Subjective Shoulder Value; OSS, Oxford Shoulder Score; SF-12, 12-Item Short Form Health Survey; PCS, Physical Component Summary; SANE, Single

Assessment Numeric Evaluation; MCS, Mental Component Summary; DASH, Disabilities of the Arm, Shoulder, and Hand score; Penn, Penn Shoulder Score;

SF-36, 36-Item Short Form Survey; ADLER, Activities of Daily Living that require active External Rotation; DSST, Dutch Simple Shoulder Test; EQ-5D,

EuroQoL 5 Dimensions; MACTAR, McMaster Toronto Arthritis patient preference questionnaire.
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Table II PROs evaluated in subgroup analysis

PRO Number of studies Total number of patients Preoperative mean Postoperative mean Effect size

ASES 12 2222 33.5 78.2 2.7
Constant 12 1898 32.4 70.6 2.6
Adjusted Constant 5 355 38.5 94.8 2.6
WOOS 5 248 25.7 76.8 3.2
SST 4 1463 3.3 10.0 2.4
SANE 3 175 28.6 61.3 2.8
SPADI 3 1278 18.5 79.3 2.8
UCLA 3 1256 13.0 30.0 4.0
SSV 2 223 24.1 75.1 3.2

PRO, patient-reported outcome; ASES, American Shoulder and Elbow Surgeons score; WOOS, Western Ontario Osteoarthritis of the Shoulder index; SST,

Simple Shoulder Test; SANE, Single Assessment Numeric Evaluation; SPADI, Shoulder Pain and Disability Index; UCLA, University of California at Los

Angeles score; SSV, Subjective Shoulder Value.

Higher means represent better scores in all PROsdthose with multiple scales (WOOS, SPADI) converted to this format.
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Responsiveness analysis

The 9 PROs used in multiple studies were included in the
subgroup analysis of responsiveness. All PROs showed
effect sizes >0.8, demonstrating the ability of each to
reflect a large magnitude of change after surgery (Table II).
Based on RE, the UCLA and Adjusted Constant scores
were the most responsive instruments, with positive RE
values against each PRO to which they were compared
(Table III). The SSV had positive RE values compared with
the ASES and Constant scores, though its limited use in the
literature only allowed for comparison against these 2 other
instruments. The SANE had lower RE values than every
other tool with which it was compared. Between the 2 most
commonly used PROs, the ASES score had a higher RE
than the Constant score. The SST, another of the most
Table III Relative efficiency of individual comparisons of PROs

ASES Constant Adjusted Constant

ASES 1.15 0.90
Constant 0.87 0.84
Adjusted Constant 1.12 1.19
SST 0.78 1.09 0.87
WOOS 1.33 0.55 0.53
SPADI 0.92 1.09 –
UCLA 1.54 1.75 –
SANE 0.34 0.16 0.15
SSV 1.60 1.27 –

PRO, patient-reported outcome; ASES, American Shoulder and Elbow Surgeons

the Shoulder index; SPADI, Shoulder Pain and Disability Index; UCLA, Univers

Evaluation; SSV, Subjective Shoulder Value.

Values >1 indicate that PRO in the left column has greater relative efficiency c

column has lesser relative efficiency than PRO in the top row; ‘‘–’’ indicates tha

studies analyzed.
commonly used PROs, had a lower RE than every PRO
with which it was compared except for the Constant. Of the
PROs that do not require physician-inputted data (ASES,
WOOS, SSV, SANE, SST, and Shoulder Pain and
Disability Index), all but the WOOS and SANE were more
responsive than the Constant. Overall, the Constant was the
lowest performing physician-dependent PRO when
compared with entirely patient-reported PROs (Table III).
Discussion

Our review found that the most common PROs for evalu-
ating outcomes after anatomic and reverse TSA for gle-
nohumeral arthritis include the ASES, Constant, and SST
scores. Although studies generally used multiple
SST WOOS SPADI UCLA SANE SSV

1.28 0.75 1.08 0.65 2.96 0.62
0.91 1.82 0.92 0.57 6.37 0.79
1.15 1.89 – – 6.63 –

– 0.96 0.57 – –
– – – 3.51 –

1.05 – 0.60 – –
1.75 – 1.67 – –
– 0.29 – – –
– – – – –

score; SST, Simple Shoulder Test; WOOS, Western Ontario Osteoarthritis of

ity of California at Los Angeles score; SANE, Single Assessment Numeric

ompared with PRO in the top row; values <1 indicate that PRO in the left

t PROs were unable to be compared as they were not used together in any
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instruments, there is currently no consensus on the most
appropriate tools. Only the ASES (56%) and Constant
(53%) scores were reported by more than half of the 74
articles included. Although all PROs demonstrated a large
effect size, the UCLA and Adjusted Constant scores
showed the highest RE compared with other instruments,
suggesting that they are among the most responsive tools.
Of the 2 most commonly used PROs, the ASES was more
responsive than Constant.

Multiple factors contribute to the decision of which
PRO to use when evaluating a treatment, including the
underlying pathology, ease of administration, and surgeon
preference. In a study using similar methodology to
compare PROs for rotator cuff tears and shoulder insta-
bility, it was found that responsiveness is dependent on
the specific condition being evaluated.27 Another signifi-
cant factor in collecting outcomes data is the time burden
on both providers and patients, which varies widely be-
tween instruments. The disease-specific WOOS, for
example, consists of 19 items evaluating pain and func-
tion, whereas the SANE and SSV each consist of a single
item evaluating the patients’ current perception of their
shoulder as a percentage of a totally normal shoul-
der.10,15,28 The Constant and UCLA scores consist of 8
and 5 items, respectively, but require clinician-based
measurements of strength and range of motion, necessi-
tating an office visit to obtain a score.1,5

The ASES, one of the most commonly used in-
struments, was originally described with a clinician-
completed physical examination component but is often
scored using only the patient-reported portion.22,28 Ad-
vantages to PROs that are completely patient deri-
veddincluding the ASES along with the aforementioned
WOOS, SANE, and SSVdinclude simplicity of admin-
istration and less risk of inter- and intraobserver biases.
Another advantage of entirely patient-reported informa-
tion is the ability to collect information remotely without
an in-person visit with a provider. Subsequently, there is a
greater ability to capture data at more timepoints with less
cost to patients and providers, while still attaining high
rates of follow-up.4

Shoulder arthritis can be a debilitating disease and goals
of arthroplasty include improving function and pain.
However, controversy remains on how to best assess and
measure these goals. Matsen et al18 recently showed cor-
relation between range of motion measurements and the
SST, which is completely patient derived, to be highly
variable in patients with arthritis, concluding that PROs and
clinical measurements should be treated as 2 important yet
distinct entities. In addition, they noted a large variation in
the range of motion required to perform shoulder functions
assessed by PROs, suggesting that this is often individual
specific and may differ by as much as 30�-40� between
patients for the same function.18 Goodman et al11 found
similar results when comparing the patient-reported
component and the physician-reported component of the
ASES in patients undergoing reverse TSA, noting that only
improvement in active forward flexion correlated with
ASES improvement at 2 years. These discrepancies indi-
cate that PROs attempting to quantify pain and functional
deficits of the shoulder should ideally consist of entirely
patient-reported data, with clinical measurements assessed
and interpreted separately.

The 2 highest performing instruments by RE identified
in our study, the UCLA and Adjusted Constant scores, both
require clinician-reported data. The UCLA score allocates
points to both patient-reported pain and function assess-
ment along with physician-reported strength and range of
motion testing, although places more emphasis on the
patient-reported component.15 The UCLA is also a short
assessment that can be quickly completed by both the pa-
tient and physician. Although widely used due to being one
of the first described shoulder outcome measures, it has yet
to be formally validated, and no minimal clinically
important difference has been established, further compli-
cating interpretation of values. The Adjusted Constant,
determined by the original Constant tool normalized to age-
and sex-matched controls, is based on the rationale that
range of motion may differ by gender and naturally dete-
riorate with age.14 The results of our study suggest that this
tool is more responsive than raw scores reported using the
original Constant. The considerably lower number of
overall patients evaluated with the Adjusted Constant
indicate that the original Constant is much more widely
used, but there may be the increased interpretive value in
adjusted scores.

Another highly performing PRO, albeit with a relatively
low number of patients, was the SSV. The SSV, a single
question evaluation (the current state of the
patients’ shoulder expressed as a percentage of normal),
showed high RE, although could only be compared with the
ASES and Constant scores due to a limited number of
studies using the score. The SANE, which is also a single
question asking the patients to rate the state of their
shoulder from 0 to 100, showed a lower RE compared with
the ASES, Constant, Adjusted Constant, and WOOS. The
strikingly different performances of the SSV and SANE,
despite their similar structure along with the low overall
number of patients evaluated, suggest that more direct
comparisons are necessary to more fully characterize their
responsiveness. Thigpen et al26 showed that the SANE
performed well compared with the ASES, with similar
reliability and validity to the ASES. The low burden of
completion of the SANE and SSV is a primary driver of
their value, particularly in a setting such as clinical evalu-
ation without the goal of robust data collection for research
purposes.

Sciascia et al24 performed a similar analysis comparing
the responsiveness of PROs within a single cohort of pa-
tients undergoing anatomic TSA for arthritis. They also
found large effect sizes for 4 instruments evaluated, noting
the Constant score to have the highest RE, followed by the
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WOOS, ASES, and SANE. Our pooled analysis similarly
showed the SANE to be among the least responsive.
However, we found the ASES to have a higher RE than the
Constant but less so than the WOOS. This is the only
previous study we are aware of directly comparing
responsiveness among shoulder arthroplasty patients.

Our study highlights that high prevalence of use does not
necessarily equal high responsiveness. Primarily, the Con-
stant was one of the 2 most commonly used PROs, but was
found to have lower responsiveness than every PRO other
than the WOOS and SANE, similar to findings in patients
with rotator cuff pathology and shoulder instability.27 The
ASES Value Committee recently suggested that PROs for
clinical assessment of the shoulder should include the
Veterans Rand 12 as a measure of general health, the ASES
score, and the SANE, with additional disease-specific
measures included for research purposes when applicable.12

Their recommendations focused exclusively on PROs
derived entirely from patient-reported data. Our study
provides further details regarding the responsiveness and
value of instruments specific to the setting of shoulder
arthroplasty.

Disease-specific instruments, such as the WOOS, may
add valuable additional data on top of a standardized set of
PROs for all patients with shoulder-related complaints. The
WOOSda tool specific for glenohumeral osteo-
arthritisdperformed worse than the Constant and Adjusted
Constant scores, although had a higher RE than the ASES,
another purely patient-reported but general evaluation of
the shoulder. The WOOS is longer than ASES, and there-
fore would likely be included in attempts to gather more
extensive data for research purposes. Our study found that
the WOOS was not one of the most commonly used PROs,
again demonstrating that prevalence and responsiveness are
independent entities.

Limitations general to any systematic review also apply
to this study. The quality of individual studies included in
this review limits the quality of the review itself. Quality
assessments were not required in the inclusion criteria in an
attempt to broaden search efforts, and thus, any biases in
the analyzed studies may underlie findings from this study.
Limitations specific to our study derive from variation in
the number of patients evaluated with each tool and the
combinations of instruments selected by individual studies.
Using this method of calculating RE, only studies using
multiple PROs were eligible for analysis, thus resulting in
the inability to calculate certain combinations. The inter-
pretation of RE may also be viewed as subjective, as there
is no clear threshold at which RE values represent a sig-
nificant difference. A similar study of hip arthroscopy
PROs used values of <0.80, 0.80-1.20, and >1.20 to define
a lower RE, equivocal RE, and greater RE, respectively.25

Some PROs were used to evaluate significantly fewer pa-
tients, limiting our ability to draw definitive conclusions. In
addition, only articles reporting pre- and postoperative
means and standard deviations could be included in
analysis, resulting in a lower number of articles contrib-
uting to our pooled calculations.
Conclusion
Many PRO options exist for the evaluation of patients
undergoing TSA for glenohumeral arthritis. No clear best
PRO exists, although responsiveness should be consid-
ered when selecting instruments for tracking clinical
outcomes, along with factors such as ease of adminis-
tration and patient-reported vs. clinician-reported data.
The ASES and Constant scores were the most commonly
used measures. The UCLA score, which requires clini-
cian inputted data, performed well. The ASES was also
found to be responsive and only requires patient-reported
data, limiting the burden of reporting on both the patient
and the provider. The Constant score performed poorly
overall, although the Adjusted Constant showed better
results. A better overall understanding of the most
appropriate measures to evaluate TSA may lead to a
more consistent usage of specific tools, leading to
improved capabilities to assess outcomes.
Disclaimer
The authors, their immediate families, and any research
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Supplementary data to this article can be found online at
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