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Background: Surgeons, policymakers, and payers increasingly use changes in general health to guide
decision-making. It is unknown how such measures are incorporated into shoulder surgery research,
how strongly they are associated with changes in shoulder-specific outcomes, and whether they are
appropriately powered.

Methods: PubMed was searched for articles reporting shoulder-specific and general health measures
after rotator cuff repair and total shoulder arthroplasty. Study characteristics, results at the study
group level, reporting of power calculations, and statistical significance were recorded. Meta-
regression was employed to describe the association of changes between shoulder-specific and general
health measures.

Results: Of 360 identified abstracts, 21 articles with 28 patient groups were included. Only 1 article was
published before 2000. There was a strong association of changes between shoulder-specific and general
health measures (r = 0.66; P <.001). Power calculations were mentioned in 33% of studies and based on
shoulder-specific measures. Of 20 studies conducting hypothesis tests, 75% reported agreement
regarding the statistical significance of shoulder-specific and general health tests. Of 5 discordant studies,
4 found the shoulder-specific measure statistically significant and not the general health measure.
Conclusion: Shoulder surgery research increasingly reports changes in general health measures that are
associated with changes in shoulder-specific measures, suggesting that improvements in shoulder symp-
toms increase quality of life. When disagreement exists, it usually results from the general health mea-
sure’s not meeting statistical significance, which may simply reflect type II error. Research reporting
general health measures should carefully report power considerations to avoid misinterpretation of find-
ings failing to reach statistical significance.

Level of evidence: Level IV; Systematic Review
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Every year in the United States, hundreds of thousands
of rotator cuff repair (RCR) and total shoulder arthroplasty
(TSA) operations are performed.'®*® These operations are
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guide clinical practice.””*' In addition, policymakers and
payers are using such data to decide which interventions to
cover.”*%°

It is currently unknown how these general health mea-
sures are being incorporated into shoulder surgery research.
Furthermore, the association of changes between shoulder-
specific and general health measures is not well described.
It is unknown whether these efforts are appropriately
powered. Given that the hypothesized effect sizes for
shoulder-specific measures will be greater than for general
health measures, powering studies based on shoulder-
specific measures would lead to underpowered evalua-
tions of general health outcomes.'’”' If inappropriately
interpreted, the resultant type II error could underestimate
the benefits of shoulder surgery.

We sought to systematically review and to meta-analyze
RCR and TSA outcome studies to assess the use of general
health measures in shoulder surgery research with 3 spe-
cific areas of focus. First, we sought to describe the asso-
ciation of changes between shoulder-specific and general
health measures at the study group level. Second, we sought
to describe the reporting of power calculations and spe-
cifically which type of measure these were based on. Third,
we sought to assess the concordance of hypothesis testing
between shoulder-specific and general health outcomes
from the same studies.

Materials and methods

A systematic review was performed to identify all articles
reporting both shoulder-specific and general health measures after
RCR and TSA operations using PubMed. All identified abstracts
were reviewed, and any article not reporting original research on
humans before and after either RCR or TSA was excluded. Arti-
cles were then obtained and reviewed. Articles not reporting a
mean for the preoperative to postoperative difference in the
shoulder-specific and general health measures or a mean for the
preoperative and postoperative measures were excluded.

Articles were then systematically reviewed for study charac-
teristics, including publication date, country or origin, and study
design. Shoulder-specific and general health outcomes were also
recorded. When multiple shoulder-specific measures were re-
ported, the preferred order for recording was American Shoulder
and Elbow Surgeons (ASES), Constant, Simple Shoulder Test, and
University of California-Los Angeles shoulder score. Other
shoulder-specific measures including the Disabilities of the Arm,
Shoulder, and Hand score were searched for and coded but not
used, given the availability of other measures or limitations in the
reporting of that measure. When multiple general health measures
were reported, the preferred order for recording was 36-Item Short
Form Health Survey (SF-36) physical component summary (PCS)
and then 12-Item Short Form Health Survey. Other general health
measures were searched for and coded but not used, given the
availability of other data or limitations in the reporting of the data.

Next, any details of power calculations, including whether one
was reported and, if so, whether it was based on a shoulder-
specific or general health measure, were recorded. The statistical
significance of hypothesis tests was recorded at the study level for

both shoulder-specific and general health measures. When multi-
ple hypotheses were reported, the hypothesis that was most central
to the theme of the article was selected. Finally, articles were also
reviewed for the reporting of association between shoulder-
specific and general health measures at the patient level.

The mean preoperative to postoperative difference was calcu-
lated using preoperative and postoperative scores. To allow stan-
dardized comparisons across measures, this difference was
standardized using the standard deviation of the mean change
from preoperative to postoperative, which was estimated using the
standard deviations for the preoperative and postoperative means
assuming a correlation of 0.25 between preoperative and post-
operative measures. Sensitivity analyses were also conducted in
which the correlation coefficient for this calculation was allowed
to vary between 0 and 0.5 and did not significantly alter the re-
sults. When these standard deviations were not reported, they were
imputed. To account for differences in precision between studies,
meta-analytic weights were calculated as the inverse of the vari-
ance of each study group estimate.

Weighted scatter plots were initially used to assess associations
between the standardized change in shoulder-specific scores and
the standardized change in general health. Weighted linear regres-
sion was then used to estimate the magnitude and statistical sig-
nificance of the association. Furthermore, a weighted version of the
Pearson correlation coefficient and an unweighted Spearman rho
were calculated to further describe the associations. Given the de-
gree of data transformation, sensitivity analyses were performed
using the raw differences in the most commonly reported shoulder-
specific and general health measures, the ASES and SF-36.

To assess the potential for publication bias related to the
reporting of general health measures, funnel plots were graphed
and visually inspected. All analyses were performed using Stata
15.1 (StataCorp, College Station, TX, USA). P values were
considered significant at P < .05. No attempt was made to adjust
for multiple comparisons, although the association between the
standardized differences should be viewed as the primary
outcome.

Results

Of 360 identified abstracts, 21 articles reporting out-
comes for 28 patient groups were included
(Fig. 1).13:08.10-16.19.2022:252729.30 3f thece articles,
only 1 (5%) was published before 2000 and only 7
more (33%) before 2010 (Table I). Most studies were
observational and retrospective. In addition, many
studies had fewer than 50 patients and reported out-
comes for only a single patient group. The mean
standardized shoulder-specific change from preopera-
tive to postoperative was 2.2 standard deviations with a
range of 2.4 standard deviations. The mean change in
general health from these same studies was 1.1 stan-
dard deviation with a range of 2.9 standard deviations.

There was a strong association between standardized
shoulder-specific and general health measures, with a 1
standard deviation shoulder-specific change predicting a
0.36 standard deviation general health change (P < .001;
Fig. 2). Both the meta-analytic weighted correlation
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PubMed Search Table I  Characteristics of 21 included studies
360 Abstracts Identified Characteristic No. (%)
Publication year
Before 2000 1(5)
2000-2010 7 (33)
After 2010 13 (62)
v Country
United States 13 (62)
Abstract and Article Review Europe 4 (18)
21 Articles Included Canada 2 (10)
South Korea 2 (10)
Study design
Retrospective observational 11 (52)
Prospective observational 8 (38)
Randomized controlled trial 2 (10)
A 4 Study size (No. of patients)
_ _ _ 0-50 11 (52)
Article Coding and Analysis 51-100 6 (29)
28 Patient Groups ~100 4 (19)
Study groups
1 11 (52)
2 or more 10 (48)

Shoulder-Specific
Measure General Health
Measure
ASES, N=18
Constant, N=4 Sf-36, N=21
SST, N=4 SF-12, N=7
UCLA, N=2

Figure 1 Flow chart showing search strategy and selection
process as well as the types of shoulder-specific and general health
measures used for each study group. ASES, American Shoulder
and Elbow Surgeons; SS7, Simple Shoulder Test; UCLA, Uni-
versity of California—Los Angeles shoulder score; SF-36, 36-Item
Short Form Health Survey; SF-12, 12-Item Short Form Health
Survey.

coefficient and unweighted Spearman rho were 0.66. The
association of unstandardized changes between ASES and
SF-36 PCS was only moderate, with a 1-unit change in
ASES predicting a 0.13-unit change in SF-36 PCS. The
meta-analytic weighted correlation coefficient was 0.52,
and the unweighted Spearman rho was 0.34.

Three studies reported associations between shoulder-
specific and general health measures, although all did so
with respect to preoperative and postoperative measures
and not the association of the changes in these mea-
sures.”'”" For the specific association of the ASES with
the SF-36 PCS, preoperative associations were moderate
and ranged from 0.41 to 0.53, and postoperative associa-
tions were also moderate and ranged from 0.44 to 0.54.

Power calculations were mentioned in 7 studies (33%).
Of these 7 studies, 2 were randomized controlled trials, 3
were prospective observational studies, and 2 were retro-
spective observational studies. Of these 7 studies, 4

mentioned the specific outcome used for the power calcu-
lation, which was always a shoulder-specific measure. Of
the 2 retrospective studies, one did include mention of a
post hoc power calculation using a general health mea-
sure.”’ This study specifically commented on being suffi-
ciently powered for the shoulder-specific measures but
underpowered for the general health measures.

Of the 20 studies conducting hypothesis tests, 15 (75%)
reported agreement regarding the statistical significance of
shoulder-specific and general health tests; 11 studies re-
ported that both were statistically significant, and 4 reported
that both were not statistically significant (Table II). For the 5
studies with disagreement, 4 found that the shoulder-specific
outcome was statistically significant and the general health
outcome was not significant. Of the 2 randomized controlled
trials, 1 was discordant with the general health outcome
failing to reach statistical signiﬁcance,24 and neither found
the general health outcome to be statistically significant.”

A funnel plot was graphed to assess the association
between standard error and the standardized change in the
general health measures (Fig. 3). There was no obvious
trend toward studies with higher standard errors having
increasing standardized general health changes.

Discussion

This systematic review of general health measures in
shoulder surgery research found that changes in shoulder-
specific measures are strongly correlated with changes in
general health measures among patients undergoing RCR
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Figure 2

Scatter plot of individual study groups, with observations weighted as the inverse of the variance of the general health estimate,

with a linear trend line overlaid, and with correlation coefficients provided. (A) The standardized change in general health scores over the
standardized change in shoulder-specific scores. (B) The change in the 36-Item Short Form Health Survey (SF-36) physical component

score over the change in the American Shoulder and Elbow Surgeons (ASES) score.

Table II  Association of statistical significance between shoulder-specific and general health hypothesis tests”

General health

Significant Not significant
Shoulder specific Significant 11 4
Not significant 1 4

* Of the 20 studies reporting hypothesis testing for shoulder-specific and general health measures, both the shoulder-specific and general health
measure were statistically significant in 11 studies, the shoulder-specific measure and not the general health measure were statistically significant in 4
studies, the general health measure and not the shoulder-specific measure was statistically significant in 1 study, and both the shoulder-specific and

general health measures were not statistically significant in 4 studies.

and TSA. However, this review also found that when power
calculations are mentioned, studies are powered on the
basis of shoulder-specific measures. Furthermore, when
disagreement exists, studies most often report that the
shoulder-specific measure meets statistical significance,
whereas the general health measure fails to meet statistical
significance.

A 1 standard deviation change in a shoulder-specific
measure was estimated to predict a roughly one-third
standard deviation change in a general health measure.
As reflected by the strong correlation coefficients, this as-
sociation was fairly linear across the range examined and
consistent across studies. This finding adds to those of other
studies that have reported strong associations between
shoulder-specific and general health measures both preop-
eratively and postoperatively at the patient level.”'>
Whereas these strong associations suggest that shoulder
disability can have a large impact on quality of life, the
strong association between changes in these measures at the

study level suggests that changes in shoulder function after
surgery translate directly into improved quality of life.
When power calculations were performed prospectively,
they were always based on a shoulder-specific measure.
This is not surprising, given that shoulder-specific measures
would be hypothesized to show a larger effect translating to
fewer patients being needed to power such a study
compared with a similar study powered on a general health
measure. In this study, we found the mean standardized
change in shoulder-specific measures to be roughly twice
that of general health measures. This practice of selecting a
more specific outcome is also consistent with that in other
medical specialties.'” Although this is an expected practice,
it does not alter the associated product that general health
outcomes from such studies will often be underpowered.”’
As expected of studies with discordant shoulder-specific
and general health outcomes, nearly all found that the
general health measure lacked statistical significance.
This is further evidence that powering studies based on
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Figure 3 Funnel plot of the standard error by standardized
change in general health.

shoulder-specific measures will lead to their being under-
powered for comparisons of general health measures. The
importance of this issue may even be under-represented in
this review, in which many studies were retrospective with
sample sizes not based on formal power calculations. Of the
2 randomized controlled trials reviewed, neither found the
general health outcome to be statistically significant.

Given the increasing inclusion of general health mea-
sures in shoulder surgery research, it is important for
readers to be aware of the real danger of type II error with
respect to their use as outcomes. Although we are not trying
to discourage such investigations, it is important to distin-
guish secondary analyses of general health measures from
appropriately powered a priori hypotheses. It is also
important for researchers to be as transparent as possible
regarding any power calculations. Especially in prospec-
tively conducted research, reviewers and editors must insist
that these details be complete. Certainly, there are limita-
tions to post hoc power analyses; King et al provide a nice
example of using such results to clarify how some outcome
measures may be sufficiently powered and others not in the
same study.”’

Given the meta-analytic design, this study is vulnerable
to publication bias. It is possible that studies with less
favorable results went unpublished. In addition, it is
possible that despite favorable results for shoulder-specific
measures, a study may not have published the general
health measures. However, there was no obvious evidence
to support these concerns based on the funnel plot. To
maximize the data available for analysis and to remove
units without specific value, all changes that did require a
significant amount of data transformation were standard-
ized. It is reassuring that the estimates from these subse-
quent analyses were consistent with those from the

unstandardized measures, which themselves were consis-
tent with prior literature.

Conclusion

Shoulder surgery studies increasingly report general
health measures but infrequently report power calcula-
tions. The association of changes between shoulder-
specific and general health measures suggests that
improvement in shoulder symptoms can significantly
improve quality of life. When studies found disagree-
ment in the significance of shoulder-specific and general
health measures, most found that the general health
measure was not significant, although this may simply
reflect type II error as opposed to the true absence of
effect. Research reporting general health measures
should carefully report power considerations to avoid
misinterpretation of findings failing to reach statistical
significance. In addition, readers should be familiar with
this concern.

Disclaimer

The authors, their immediate families, and any research
foundations with which they are affiliated have not
received any financial payments or other benefits from
any commercial entity related to the subject of this
article.
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