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Background: A Substantial Clinical Benefit (SCB) value is the amount of change in a patient-reported
outcome measure required for a patient to feel they significantly improved from an intervention. Pre-
viously published SCB values are often cited by researchers when publishing outcomes data. Where these
SCB values are set can have a large impact on the conclusions drawn from a study citing them. As such,
the goal of this study was to determine the generalizability of SCB values for a procedure when stratified
by time from surgery and geographic region.
Methods: A nationwide outcomes database was utilized to obtain preoperative, one-year, and two-year
postoperative outcome measurements for patients who underwent anatomic total shoulder arthroplasty
(TSA) or reverse TSA. The data were divided into three geographic regions: the South, the Midwest, and
the West. An East region was not included due to its limited number of patients. SCB values were
calculated for four outcomes measures: Single Assessment Numeric Evaluation score, American Shoulder
Elbow Surgeons score, Visual Analog Scale, and Western Ontario Osteoarthritis of the Shoulder score. SCB
values were calculated for each region, for each procedure, and at both one and two years post-
operatively. To determine the variability of potential SCBs within each region, simulated datasets were
created to determine a distribution of possible calculated SCBs.
Results: A total of 380 anatomic TSA patients and 543 reverse TSA patients were included for analysis.
There was a high degree of variability of SCB values when stratified by procedure, time, and region. While
some simulated datasets did produce homogenous SCB distributions among regions, some outcome
measures demonstrated a large heterogeneity in distribution among regions, with concomitant large
distributions of values within individual regions.
Conclusions: There is notable heterogeneity of SCB values when stratified by region or time. The current
method of citing previously published SCB values for determining the efficacy of an intervention may be
inappropriate. It is likely that this variability holds true in other areas of orthopedics.

© 2022 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/).
Patient-reported outcome measures (PROMs) have become a
mainstay of orthopedic research, providing quantitative measure-
ments of patients’ function and perceptions of their health. How-
ever, the wide variety of PROMs with different scoring systems can
be difficult to interpret, and statistically significant results do not
always correlate with clinically meaningful differences.9 The min-
imal clinically important difference (MCID), which defines the
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change in PROM score that represents a clinically meaningful dif-
ference, was proposed to address this problem.10 The MCID has
since become a common value to reference when publishing on the
efficacy of a procedure. The substantial clinical benefit (SCB) was
subsequently developed to provide a more thorough framework for
interpreting PROMs, with theMCID acting as a threshold for change
that patients can perceive and the SCB acting as a target for defining
clinical success.8 These values have become increasingly prevalent
in orthopedic literature in recent years, especially with regards to
shoulder conditions.18

An SCB value is the amount of change after an intervention for a
particular outcome measure that is needed to predict a patient
reporting that they substantially benefited from the intervention.
r and Elbow Surgeons. This is an open access article under the CC BY-NC-ND license
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For example, if an SCB for an outcome measure, such as the Single
Assessment Numeric Evaluation (SANE), after reverse shoulder
arthroplasty is determined to be 50, a patient who had an increase
in that outcomemeasure of 50 or greater is likely to report that they
substantially improved from the arthroplasty. Subsequently, if a
patient had an improvement of less than 50, they are likely to
report that they did not improve substantially.

The SCB value is determined for one PROM for a specific pa-
thology and/or procedure via a concomitantly administered anchor
question.8,10 This anchor question seeks to provide a patient re-
ported, clear response regarding the efficacy of the intervention.
Researchers then use these values to determine the efficacy of an
intervention. Often, investigators will determine the percentage of
patients who crossed these previously published SCB thresholds
and report this as a measurement of surgical success.2,5,15 Utiliza-
tion of SCBs in this manner relies on an assumption of high degrees
of homogeneity between patient populations, and any variation in
the SCB value can have a drastic effect on the outcomes of the study.

The SCB is likely influenced by factors beyond symptomatic state
alone, as indicated by the high variability between SCB values for
different procedures.18 Despite this, the SCB is frequently deter-
mined in a population receiving care at one institution, often from
one surgeon.18 SCBs are calculated using both the change in
outcome measure and, more importantly, their expectations for
symptomatic improvement. As such, any factor impacting patients’
expectations, whether they be cultural/societal influences or the
expectations set by a surgeon preoperatively, would significantly
affect an SCB value. There may be significant heterogeneity be-
tween populations presenting to different institutions, which limits
the utility of broadly applying the SCB determined in one patient
population as a threshold for clinical success. For example, an SCB
value published by an institution in the West may not apply to a
patient from the South.

Understanding the consistency of these values is critical, as the
current state of outcomes research relies on the assumption that
they are highly homogenous. If therewere significant differences in
SCB values based on time or location, it would call into question the
current methods by which SCB values are employed in outcomes
research. The purpose of the present study was to determine the
SCB values for four outcome measures for patients undergoing
either anatomic total shoulder arthroplasty (aTSA) or reverse total
shoulder arthroplasty (rTSA) stratified by both time from surgery
and regionwithin the United States, and to see if there is significant
heterogeneity between these values. We hypothesized that a high
degree of variability will exist for SCBs when separated out by re-
gion and time.

Methods

This study uses data collected under institutional review board
number 16-042-1 Total ShoulderMulti-Center Registry provided by
an industry sponsor (Arthrex Total Shoulder Registry). Patients
were consented before surgery to be followed for 10 years. A
database of outcome measures collected for aTSA and rTSA
comprised of patients from 12 states across the United States was
utilized for this study. Four PROMs were used: SANE score, Amer-
ican Shoulder Elbow Surgeons (ASES) score, Visual Analog Scale
(VAS), and Western Ontario Osteoarthritis of the Shoulder (WOOS)
score. To be included in the SCB calculation for each of these scores,
patients required preoperative scores, both one- and two-year
postoperative scores, and an answer to the anchor question:
“Howwell did the treatment meet your expectations with regard to
reducing your pain level?”. Patients who responded to this question
that they either “exceeded” or “met” surgical expectations were
classified as having an SCB and those who responded “did not
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meet” were classified as having not substantially benefitted. This
methodology was based on prior studies calculating SCBs.4,8,13,14

While some studies use Likert-based anchor questions
and exclude those that report a “slight improvement” of their
symptoms,17 we elected to include those who “met” surgical
expectations for pain relief in the substantial improvement group
as patients likely expect a significant improvement in their symp-
tomatic pain after a procedure. Thus, those who “met expectations”
for surgical pain relief likely experienced a significant improvement
in their symptoms.

The states in the dataset were divided into three regions for
analysis: the Southeast (Kentucky, North Carolina, South Carolina,
Texas, and Virginia), the Midwest (Ohio, Illinois, Michigan, and
Missouri), and theWest (Arizona, Colorado, and Oregon). Analyzing
based on region allowed for larger sample sizes to be used for
calculations, as well as allowed for the incorporation of states
which had too few patients to conduct an SCB analysis on their
own. Initially, an East region was to be included; however, there
were too few patients in this region to perform complete statistical
analyses. SCBs for each of the outcome measures were then
calculated at 1- and 2-years from the index procedure.

Statistical analysis

Patients were grouped according to their response to the an-
chor question. Patients indicating that treatment met or exceed
expectations were considered to have experienced an SCB and
those who responded that the treatment did not meet expecta-
tions were considered to have failed to experience substantial
benefit. For each of the four PROMs evaluated, the difference in
score was calculated by subtracting the postoperative score at
each time interval from the preoperative score. The receiver
operating characteristics (ROC) type analysis was conducted to
determine the difference in score that most accurately separated
the two groups. The optimal SCB value was defined as difference
in score that maximized Youden index, which is the sum of
sensitivity and specificity. For example, in a group of 30 hypo-
thetical patients of which half noted significant improvement
after surgery and half did not, ROC-analysis plots each subject’s
change in an outcome measure of choice and aims to find a cutoff
that most accurately separates out those who did or did not
significantly improve. This value is deemed the SCB.

ROC-analysis does not address potential variability in SCB values
determined from a single patient population. To determine varia-
tion in potential SCB scores calculated from an identical dataset,
data were simulated using the sample size, mean, and standard
deviation of the difference scores for each procedure, time point,
and region. From each simulated dataset the optimal SCB values
were determined as described above. This process was repeated
1000 times resulting in 1000 SCB values for each of the groupings.
The mean and standard deviation of these simulated values were
calculated as a measure of variation in SCB values. Analyses were
performed using the cutpointr package for the R programming
language.

Results

A total of 380 patients were included for analysis in the aTSA
group, while 543 were included in the rTSA group. For aTSA there
were 51 patients in the South group, 70 patients in the Midwest
group, and 259 patients in the West group. For rTSA there were 92
in the South group, 141 in the Midwest group, and 310 in the West
group. Table I demonstrates the SCB values calculated for SANE,
ASES, VAS, and raw WOOS scores at one and two years post-
operatively for each region and all data combined (Table I).



Table I
SCB values at 1 y and 2 y postoperatively stratified by region.

Postoperative time aTSA

South (n ¼ 51) Midwest (n ¼ 70) West (n ¼ 259) Combined (n ¼ 380)

SANE 1 y 30 46 40 40
SANE 2 y 31 40 50 33
ASES 1 y 33 30 38 38
ASES 2 y 30 40 33 33
VAS 1 y �4.00 �4.90 �3.69 �3.63
VAS 2 y �1.76 �4.00 �3.36 �3.50
WOOS 1 y �813 �6.73 �671 �674
WOOS 2 y �977 �532 �1035 �1002

rTSA

South (n ¼ 92) Midwest (n ¼ 141) West (n ¼ 310) Combined (n ¼ 543)

SANE 1 y 1 26 33 38
SANE 2 y 59 51 31 31
ASES 1 y 32 21 28 31
ASES 2 y 24 24 27 27
VAS 1 y �3.12 �3.02 �3.88 �3.68
VAS 2 y �2.08 �3.73 �3.40 �3.73
WOOS 1 y �541 �627 �763 �706
WOOS 2 y �528 �797 �753 �814

SCB, Substantial Clinical Benefit; aTSA, anatomic total shoulder arthroplasty; SANE, Single Assessment Numeric Evaluation; ASES, American Shoulder Elbow Surgeons; VAS,
Visual Analog Scale; WOOS, Western Ontario Osteoarthritis of the Shoulder; rTSA, reverse total shoulder arthroplasty
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The mean SCBs were then calculated for 1000 simulated data-
sets from each region to determine the potential variability of SCB
values within region. The distribution of these values was then
plotted (Fig. 1). These values were grouped by time from surgery,
region, procedure, and PROM. While some of these distributions
were consistent between regions, other outcome measures had a
high degree of variability. Some regional distributions of SCBs did
not overlap at all, such as the VAS and SCB distributions at 1 year for
rTSA between the Midwest and West groups. Additionally, there
was a significant amount of heterogeneity of distribution sizes
among regions. For example, the WOOS SCB distribution at 1 year
for rTSA had a large distribution in the Midwest group, while there
was a small distribution seen in the South group.

Discussion

Our study found notable differences in the observed SCB values
for both rTSA and aTSAs based on time from index procedure as
well as geographical region. When these differences were explored
further with data simulation, there was considerable variation in
the SCB suggesting that a wide range of potential values are
possible for a given outcome measure and patient population.
These findings illustrate the inherent heterogeneity of SCB values
for each outcome measure and demonstrate the lack of generaliz-
ability when using a single SCB value for outcome measures across
varying patient populations.

These results are important as the use of a previously reported
SCB values as a surrogate for identifying patients who have expe-
rienced substantial benefit has become more prevalent in shoulder
arthroplasty research,2,5,7,16 and the orthopedic literature in
general.1,3,6,11 While this well-intended approach allows the results
to be viewed from the perspective of clinical significance, it is
reliant upon the stability of the SCB as it relates to the outcome
measure and patient population of interest. If the SCB being utilized
is considerably different than the true SCB of the patient group
under study, the interpretation of these results could be
misleading. For instance, an SCB that’s too large would result in an
intervention appearing less efficacious, while an SCB that’s too
small would make it appear more effective than it truly is. Inter-
estingly, a systematic review by Kolin et al found similar
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heterogeneity previously reported MCID values for shoulder
arthroplasty outcome measurements.12

Table I demonstrates the large disparities in SCB values between
regions. While certain values were consistent, such as those for
rTSA ASES scores at 1 year (range: 24-38), other values like aTSA
WOOS scores at 2 years (range: �373 to �1035) were highly vari-
able. Figure 1 shows that some regions had no overlap in potential
SCB values. For example, the Midwest and West regions had no
overlap in their potential SCB values for VAS and ASES pain scores
for rTSA at 1 year. This suggests that if a researcher in the Midwest
published an SCB value for ASES for rTSA at 1 year, it would have no
applicability to a researcher in the West using this value. While
some potential SCB values were similar among regions, such as the
WOOS for rTSA at 2 years, this was not consistently the case for
other outcome measures at other time points.

Figure 1 demonstrated that some SCB ranges had large standard
deviations, such as rTSA WOOS at 1 year in the Midwest, which
suggests that even when drawn from the same patient population
there is a high degree of variability in SCB values. The simulated
dataset for rTSA in the Midwest at 1 year produced a mean WOOS
SCB value of �498 with a standard deviation of 238. This suggests
that a researcher looking to establish an SCB for WOOS in this re-
gion at 2 years might report a value between �736 and �260. This
almost 476-point disparity between potential reported values
would have a large impact on the results of future outcomes
research quoting this value, even if the future research was con-
ducted with the same patient pool.

It is important to note that the use of regions as a comparator in
this study was arbitrary. The dataset could have just as well been
divided into East coast vs. West coast, North vs. South, or even
states with an “A” in their name vs. those without. The goal of the
study was not to establish regional or temporal SCBs for rTSA and
TSA, but rather to show the high degree of lability that is associated
with these values.

The SCB values for each region in this study were not consis-
tently homogenous. There are many potential explanations for this
heterogeneity, such as differences in culture, socioeconomic status,
or even simply the preoperative expectations set by the treating
surgeons. Additionally, our study showed that SCB values fluctu-
ated with time. While reported SCB values may specify the



Figure 1 Mean SCB values for VAS Pain, SANE, ASES, and WOOS scores calculated at one y and two y postoperatively from 1000 simulated datasets. The error lines indicate the range
of potential SCB values calculated from these datasets. SCB, Substantial Clinical Benefit; VAS, Visual Analog Scale; SANE, Single Assessment Numeric Evaluation; ASES, American
Shoulder Elbow Surgeons; WOOS, Western Ontario Osteoarthritis of the Shoulder.
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follow-up time at which theywere calculated, this is not always the
case.4 Even if an SCB value is reported at a particular follow-up
interval, researchers using previously established SCB values may
apply a value calculated at 2 years postoperatively for a study
evaluating clinical efficacy at 1 year. Our results suggest that this
usage of SCBs in this manner may be suboptimal given the varia-
tions seen at one year and two years postoperatively.

While the results of this study call into question a foundational
methodology of modern clinical outcomes research, there are
simple ways for future outcomes research projects to avoid this
issue of heterogeneity among SCB values. One option would be to
calculate SCB values on an individual study basis. This can be
accomplished by incorporating an anchor question into patient
questionnaires from which an SCB can be calculated. Even more
simply, SCBs can be done away with entirely. Instead, studies can
report the percentage of patients who respond with a significant
improvement to an anchor question. This would allow researchers
to report the percentage of patients who substantially benefitted
from an intervention calculating an SCB in the first place (ie 94% of
patients reported significant improvement of their symptoms
postoperatively).

While this study was successful in its aims, it is not without
limitations. Firstly, this study did not investigate the level of het-
erogeneity of other outcomes thresholds such as the MCID or the
Patient Acceptable Symptomatic State values. These were not
addressed in this study as they require different anchor questions
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for their calculation which were not available in the utilized data-
set. The MCID values have been shown to be highly variable be-
tween previous publications.12 It is likely that Patient Acceptable
Symptomatic State values are variable as well; however, further
study is warranted to make this conclusion. This study included
those who “met” surgical expectations for pain relief in the sub-
stantially improved group with the assumption that patients’ sur-
gical expectations are likely a significant improvement in their
preoperative pain. While this would not accurately characterize
patients that expected only mild symptomatic improvements from
surgery, we believe this would be a minority of patients. Addi-
tionally, this study was only conducted using data from aTSA and
rTSA. It was limited to these procedures due to the availability of
data suitable for this kind of analysis; however, future research is
needed to validate if this trend is seen in other orthopedic pro-
cedures. Finally, as these are PROMs, there is always an influence of
human error such as patients misunderstanding of outcome mea-
sure questions and responses or errors in recording of these
responses.

Conclusions

SCB values for aTSA and rTSA were inconsistent when stratified
by time and region. This suggests that the practice of applying
previously established SCB values to new datasets may be
suboptimal.
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