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Abstract

Background: Prognostic factors for total shoulder arthroplasty (TSA) clinical outcomes are
incompletely understood. This study investigates the associations of preoperative patient, disease-
specific, and surgical factors with 1-year postoperative PENN Shoulder Score (PSS) in patients
undergoing primary TSA.

Methods: Cleveland Clinic patients undergoing primary anatomic TSA (aTSA) or reverse TSA
(rTSA) for glenohumeral osteoarthritis (GHOA\) or rotator cuff tear arthropathy (CTA) between
February 2015 and August 2019, and having complete preoperative and 1-year postoperative
patient-reported outcome measures (PROMSs), were included. Twenty preselected preoperative
patient, disease-specific, and surgical factors were used to fit multivariable models for 1-year PSS
and its subscores.

Results: Of 1427 eligible primary TSAs, 1174 had 1-year follow-up by PROMs (82%), with
1042 analyzed after additional exclusions, including 30% rTSAs for CTA (n = 308), 26% rTSAs
for GHOA (n = 275), and 44% aTSAs for GHOA (n = 459). All PROMs showed statistically
significant improvements postoperatively, with 89% of patients reaching an acceptable symptom
state. Lower 1-year PSS was associated with younger age, female sex, current smoking, chronic
pain diagnosis, history of prior surgery, worker’s compensation claim, lower preoperative mental
health, lower baseline PSS, absence of glenoid bone loss, and diagnosis-arthroplasty type (CTA-
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I'TSA < GHOA-rTSA < GHOA-aTSA). The most important prognostic factors associated with
1-year PSS were diagnosis-arthroplasty type, baseline mental health status, and insurance status.

Conclusions: Disease diagnosis, arthroplasty type, and several other baseline factors are
strongly and individually associated with PROMSs following primary TSA, with patients
undergoing aTSA for GHOA demonstrating the highest PROM scores at 1-year follow-up. Patient,
disease-specific, and surgical factors can be used to guide postoperative prognosis following
primary TSA for improved preoperative patient counseling regarding expected outcomes of these
procedures.

Level of evidence: Level Il; Prospective Cohort Comparison; Prognosis Study

Keywords

Shoulder arthroplasty; glenohumeral osteoarthritis; cuff tear arthropathy; patient-reported outcome
measures; outcomes; multivariable model; beta regression model

Annual shoulder arthroplasties in the United States are expected to increase from
currently about 100,0002 to 175,000—-350,000 in the coming years.3148 Surgical outcomes
following total shoulder arthroplasty (TSA) vary by arthroplasty type (anatomic [aTSA]

or reverse [rTSA])?145:34 and design, and preoperative factors such as diagnosis, 540
rotator cuff status,33.24 degree of glenoid or humeral bone loss,0:12:11 and prior shoulder
surgery.40.24.26.41.9 Although the prognostic factors for aTSA and rTSA clinical outcomes
remain incompletely understood, recent evidence specifically from patients undergoing
aTSA or rTSA for glenohumeral osteoarthritis (GHOA) with intact rotator cuffs suggests
these 2 arthroplasty types yield similar short-term outcomes for this diagnosis.3442:57.19
However, most such reports are based on small retrospective studies, highlighting the need
for larger comprehensive cohort studies allowing multivariable analyses of factors that may
predict clinical outcomes, including diagnosis and arthroplasty type.

The Cleveland Clinic Health System’s (CCHS’s) Outcomes Management and Evaluation
(OME)30 database is an established, valid tool for prospective collection of standardized
shoulder arthroplasty data; including baseline demographic, disease-specific and surgical
data, and shoulder-specific validated baseline and 1-year patient-reported outcome measures
(PROMs).39 PROM s offer a means to reliably quantify a patient’s assessment of their
shoulder’s physical and/or functional condition, and have gained emphasis because of a shift
in focus toward patient experience and engagement in the evaluation of surgical outcomes.
Using an OME cohort of 788 cases of patients with GHOA or rotator cuff tear arthropathy
(CTA) undergoing primary shoulder arthroplasty, we previously found that female sex, less
education, worse mental health status, and preoperative opioid use were associated with
lower preoperative PENN Shoulder Score (PSS).38

In this study, we now investigate the associations of patient, disease-specific, and surgical
factors with 1-year postoperative PSS in an expanded OME cohort undergoing primary
TSA for GHOA or CTA. One year has been shown to be an appropriate landmark for
postoperative PROMs following shoulder arthroplasty as PROMSs do not substantially
change between 1 and 2 years post-operatively.23:544.10 Based on our prior study and

the literature, we hypothesized that worse preoperative mental health status, preoperative
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opioid use, worse baseline PSS, prior shoulder surgery, glenoid bone loss, CTA (vs. GHOA),
and rTSA (vs. aTSA) would be associated with lower 1-year PSS and its pain, function,

and satisfaction subscores. Correlations between 1-year PSS, American Shoulder and

Elbow Surgeons Standardized Shoulder Assessment Form (ASES), and Single Assessment
Numeric Evaluation (SANE) scores were also evaluated to clarify the relationships among
these different PROMs.

Materials and methods

Primary shoulder arthroplasty surgical cohort

Patients enrolled in the OME database3° (Institutional Review Board 06-196) for primary
shoulder arthroplasty (hemiarthroplasty, aTSA, and rTSA) between February 2015 and
August 2019 with diagnosis of GHOA or CTA were eligible for inclusion. Patients
undergoing arthroplasty for other diagnoses, with a history of joint infection in the operative
shoulder, or having incomplete preoperative or 1-year postoperative PROMs were excluded.

Variable selection

PSS was the primary and its subscores (pain, function, and satisfaction) the secondary
outcomes for analysis.20 Several additional outcomes (ASES score, SANE score, 1-year
Patient Acceptable Symptom State [PASS], return to work by 1 year, and additional surgery
within 1 year) were also described.

No outcome-driven variable selection was performed. We prespecified, for multivariable
modeling of 1-year PSS and its subscores, 20 preoperative patient and disease-specific/
surgical factors as possible predictors: age, sex, race, body mass index, smoking status,
preoperative opioid use, years of education, Area Deprivation Index (ADI),46:18 insurance
status, mental health as assessed by Veterans Rand 12-1tem Health Survey (VR-12)

mental component summary (VR-12 MCS), psychiatric diagnosis, comorbidities (Charlson
Comorbidity Index [CCI]),38 chronic pain diagnosis, baseline PSS, prior ipsilateral shoulder
surgery, glenoid bone loss, shoulder diagnosis, arthroplasty type, humeral component
fixation (uncemented, cemented), and superior-posterior rotator cuff repair during shoulder
arthroplasty. Preoperative opioid use was based on an opioid prescription in the electronic
medical record between 12 months and 24 hours before surgery. Chronic pain was
determined by /nternational Classification of Diseases, Ninth Revision (ICD-9), diagnosis
of 338.2 (chronic pain) and/or 304.0x (opioid dependence), and psychiatric diagnosis by
1CD-9 diagnosis of depression, anxiety, posttraumatic stress disorder, psychosis, or bipolar
disorder, in the electronic medical record (Supplementary Table S1). ADI, which ranks
neighborhoods at census block levels by socioeconomic disadvantage, was obtained from the
University of Wisconsin neighborhood atlas.#6:18

Statistical analysis

Continuous variables were summarized by medians (and quartiles) and categorical variables
by frequency counts (%). Associations among predictors were assessed a priori, without
reference to outcomes, for opportunities to group clinically related categories. For
multivariable analysis, rotator cuff pathology was reduced to a composite “RC status”
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variable describing combinations of superior-posterior rotator cuff and subscapularis status,
as previously described3® (Table I). Because of almost complete collinearity between RC
status and diagnosis (99.4% [806 of 811] RC status group 1 having GHOA and 93.1%
[337 of 362] RC status groups 2—4 having CTA), only diagnosis was included in the
predictive models and the 30 cases with discordant RC status and diagnosis combinations
(GHOA with a large/massive rotator cuff tear or CTA with an intact rotator cuff) were
excluded. As no CTA cases underwent aTSA, diagnosis and arthroplasty type were
combined in multivariable analysis into a 3-category composite “diagnosis-arthroplasty”
variable (GHOA-aTSA, GHOA-rTSA, and CTA-rTSA). Glenoid bone loss, categorized in
OME by region of the glenoid (central, anterior, posterior, or superior) based on surgeon
assessment of preoperative imaging and intraoperative findings, was also condensed into a
“yes/no” categorization for multivariable analysis, as previously described.38

Preoperative differences of patients with and without 1-year PROMs were tested by
Wilcoxon rank sum and XZ tests, and preoperative to postoperative changes in outcomes
by Wilcoxon signed-rank tests. Multivariable identity-link beta regression models were fit
to 1-year PSS, PSS pain, and PSS function, and a multivariable proportional-odds model

to 1-year PSS satisfaction. Missing predictor data were multiply imputed using multivariate
imputation by chained equations (mice R package3), and results were pooled/aggregated
using Rubin standard formula.3” Age, body mass index, CClI, years of education, ADI,
VR-12 MCS, and PSS were treated as continuous variables with additive linear effects;
other variables were modeled categorically. Differences in means (beta regression models)
or odds ratios (proportional-odds model) were presented with 95% confidence intervals
and P values. Separately comparing multiple groups (“diagnosis-arthroplasty”), or multiple
pairs of levels of factors with more than 2 levels (eg, insurance status), separately testing
relationships of each variable of interest with multiple outcome measures (PSS total score
and 3 subscores), are conducive to false positive findings. We therefore limited false
positive errors by employing multiple degree of freedom omnibus tests rather than paired
comparisons to assess differences among multiple groups or levels of multicategorical
variables, and by using the Bonferroni-Holm multiple comparison adjustment, with a
family-wise Type I error rate of 0.05, to conduct simultaneous tests of each variable in
relation to the multiple groups or outcome measures. The false discovery rate resulting from
examinations of hypotheses about numerous variables was controlled at a threshold of 20%
or less using the Benjamini-Yeuketeli method.!

Relative importances of each variable in explaining variation in postoperative PROMs in this
cohort were assessed by calculating and ranking the increases in the Akaike information
criterion13 on removal of that variable from the full model. Pairwise Pearson correlations

of 1-year PROMs (PSS, ASES, and SANE scores) were also calculated. As sensitivity
analyses, we fit additional models each including only 1 of 6 variables considered potential
mediators of effects of the others (ADI, VR-12 MCS, chronic pain, preoperative opioid use,
smoking status, insurance status), to assess possible overadjustment.4’

Data management and analysis used R, version 4.0,%3 particularly the betaregand rms
packages. Hypothesis testing was 2-sided and considered significant if £ < .05.
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Results

Primary shoulder arthroplasty surgical cohort

Of 1920 primary shoulder arthroplasties performed, 493 met exclusion criteria (Fig. 1). Of
the remaining 1427 cases, 1174 had 1-year follow-up by PROMs (82%), and were compared
to the 253 cases without 1-year PROMSs (Supplementary Table S2). Nonrespondents were
more commonly CTA-rTSA patients and tended to be younger, less often White, with

more comorbidities, less education, higher ADI, lower baseline PSS and VR-12 scores,
more preoperative opioid use, and more often with chronic pain or psychiatric diagnosis.
Hemiarthroplasty (n = 27) and RC status group 5 (n = 2) were excluded from analysis
because of infrequency, and cases with discordant diagnosis and RC status combinations
(CTA with RC status group 1 [n = 5], and GHOA with RC status groups 2—4 [n = 25]) were
also excluded (Table I). Second primary TSAs in patients undergoing bilateral primary TSAs
(n = 75) were excluded to avoid confounding related to the first surgery, leaving 1042 cases
for analysis (Fig. 1).

Preoperative patient- and disease-specific characteristics

Table Il presents the patient and disease/surgical characteristics of the overall sample and 3
diagnosis-arthroplasty subgroups: GHOA-ITSA (n = 275, 26%), CTA-rTSA (n = 308, 30%),
and GHOA-aTSA (n = 459, 44%). Five baseline variables were missing for some patients,
all at low rates (0.1% VR-12, 0.4% insurance status, 1% CCI, 3.2% ADI, 4.1% race).
Overall, patients had a median age of 69 years (quartiles 63, 75), median body mass index of
30 (26.8, 34.3), and the large majority were White (93.5%) and used Medicare for insurance
(70.2%). Notable differences (P < .001) were observed among the 3 groups in age, sex,
insurance status, prior shoulder surgery, glenoid bone loss, and humeral component fixation.
CTA-rTSA cases more often were female (55.2%) with prior shoulder surgery (31.8%),

and more commonly required a cemented humeral component (21.4%). GHOA-aTSA cases
were more often male (59.9%), younger (median age, 65 years), and had private insurance
(36.3%). GHOA-rTSA cases more commonly had glenoid bone loss (80.7%).

PROMs and multivariable modeling

Tables 11 and 1V present the preoperative and postoperative PROMs and secondary
outcomes in the 1042 patients. Six 1-year outcome variables were missing for some patients,
all at low rates (0.9% additional surgery, 1.5% VR-12, 2.0% SANE, 2.2% PSS, 2.2%

return to work, 2.9% PASS). All PROMs showed statistically significant improvements from
preoperative to 1 year postoperatively, with 89% of patients reaching an acceptable symptom
state. CTA-rTSA patients had relatively smaller increases in shoulder PROMs with lower
proportions reaching PASS and returning to work. One-year PSS total and pain and function
subscores were highly correlated with their ASES counterparts (respectively, r=0.94, 0.87,
and 0.97), as was PSS total with SANE score (r=0.81).

Tables V and V1, and Figure 2 show the results from multivariable models for 1-year

PSS and each PSS subscore. As hypothesized, preoperative mental health (VR-12 MCS),
baseline PSS, prior ipsilateral shoulder surgery, diagnosis-arthroplasty type, and glenoid
bone loss were significantly associated with 1-year PSS. A 7.5-point lower baseline VR-12
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MCS and 12.1-point lower baseline PSS predicted a mean 1-point lower 1-year PSS (P
=.011 and .014, respectively). Prior ipsilateral surgery predicted a 3.7-point lower 1-year
PSS (P=.01). Compared with GHOA-rTSA cases, GHOA-aTSA predicted a 3.3-point
higher 1-year PSS and CTA-rTSA a 4.9-point lower 1-year PSS (P < .001). Contrary

to our hypothesis, glenoid bone loss predicted a 2.6-point higher 1-year PSS compared
with no glenoid bone loss (P=.006). To clarify this unexpected association, we tested
for interactions of glenoid bone loss with diagnosis-arthroplasty type, but these were not
statistically significant in any model.

Lower age, female sex, current smoking, chronic pain diagnosis, and worker’s compensation
claim were also significantly associated with lower 1-year PSS compared to their respective
reference categories (Table V, Fig. 2). Unexpectedly, preoperative opioid use was not
significantly associated with 1-year PSS (P=.474). Effects changed only minimally in
sensitivity analyses (Supplementary Table S3).

Baseline PSS, prior ipsilateral shoulder surgery, diagnosis-arthroplasty type, and glenoid
bone loss were the only factors significantly associated with all 3 PSS subscores (Table VI).

Akaike information criterion analysis indicated that the 3 most important factors for 1-year
PSS in this cohort were diagnosis-arthroplasty type, baseline mental health status (VR-12
MCS), and insurance status (Fig. 3). Diagnosis-arthroplasty type was among the most
important variables for PSS and all 3 of its subscores, but more strongly affected the PSS
function and satisfaction subscores than the pain subscore. Baseline PSS was the most
important factor for the PSS pain subscore. Baseline VR-12 MCS and insurance status were
among the most important variables for all but the PSS satisfaction subscore (Fig. 3).

Discussion

Consistent with prior literature, patients showed excellent PROMs following aTSA and
rTSA for GHOA or CTA. Significant 1-year improvement was seen in PSS, ASES, and
SANE scores, with 89% of patients reporting an acceptable symptom state. The most
important factors associated with 1-year PSS were diagnosis-arthroplasty type, baseline
mental health status, and insurance status. Although not modeled in this study, the strong
correlations of 1-year PROMs suggest that predictors associated with 1-year PSS will also
predict 1-year ASES and SANE scores.

Among diagnosis-arthroplasty types, 1-year PSS was highest in patients undergoing aTSA
for GHOA and lowest in those undergoing rTSA for CTA. Some studies comparing
outcomes following aTSA and rTSA have reported better PROMs following aTSA.217 and
others have reported no differences.16:8 However, past studies have often involved small
cohorts and bivariate analyses that lack simultaneous control for confounding by diagnosis
and rotator cuff status; that is, CTA is associated with rotator cuff deficiency whereas

GHOA is not. To overcome such confounding, some studies have restricted analysis to
patients with GHOA and intact rotator cuffs, including a recent matched-pairs (n = 367
pairs) cohort analysis from a large international database, and found no significant difference
in postoperative PROMs following aTSA or rTSA.19.17.25 Other studies limited to rTSA
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have shown better outcomes following GHOA than following CTA.5140 To our knowledge,
however, no study has prospectively investigated outcomes considering both diagnosis and
arthroplasty type across the 3 commonly treated surgical groups (GHOA-aTSA, GHOA-
ITSA, and CTA-rTSA), nor simultaneously controlled for such a comprehensive collection
of possible confounders with multivariable analysis.

Our Akaike information criterion analysis showed that the diagnosis-arthroplasty factor
more strongly affected the PSS function and satisfaction subscores than the pain subscore
(Fig. 3). This finding suggests that the differential outcome in overall 1-year PSS across
diagnosis-arthroplasty types may be most related to the negative impact of rotator cuff
deficiency on function and satisfaction in CTA-rTSA patients compared with the other

2 surgical groups (GHOA-rTSA and GHOA-aTSA) that are not rotator cuff deficient. In
contrast, pain improvement may be similar across the groups.

Preoperative mental health instruments like VR-12 MCS®8 have been shown to be associated
with arthroplasty outcomes; however, VR-12 MCS captures just a 4-week snapshot of
recent mental status, and is also complicated by its calculation of patient-reported activity
limitations that could be caused because of physical or emotional health issues. Therefore,
some studies have looked at associations of outcomes with established diagnoses of mental
iliness.>45347 We included both in our models and observed that preoperative VR-12
MCS, but not mental illness diagnosis, was significantly associated with 1-year PSS. The
mechanism by which mental health is associated with PROM s is not fully understood.

We previously38 found that worse preoperative VR-12 MCS, female sex, less education,
and preoperative opioid use were associated with lower preoperative PSS in patients
undergoing shoulder arthroplasty. The current study found lower preoperative PSS to be

a significant predictor of 1-year PSS. Interestingly, worse preoperative VR-12 MCS and
female sex continued to be significantly associated with lower 1-year PSS, but education
and preoperative opioid use were not, whereas age, smoking, chronic pain, worker’s
compensation status, glenoid bone loss, prior ipsilateral surgery, and diagnosis-arthroplasty
type emerged as predictors. These results suggest that some preoperative factors may

act on postoperative PSS through preoperative PSS, whereas others may directly affect
postoperative PSS. The negligible association between preoperative opioid use and 1-year
PSS contrasts with prior studies linking its use to worse outcomes following TSA.27:28.5.44
Preoperative opioid use may be reflected in other baseline covariates such as lower
preoperative PSS, chronic pain diagnosis, and current smoking status, which have been
found to be associated with opioid use elsewhere52:15 and were significantly associated with
lower 1-year PSS in this study.

Higher baseline PSS was associated with significantly higher 1-year PSS, although
clinical significance was modest. A similar small association between baseline and 2-year
postoperative ASES score has been reported in patients with rTSA after multivariable
analysis adjusting for age, sex, prior shoulder surgery, and shoulder diagnosis (GHOAvs.
CTA).%0 Conversely, some studies have reported an inverse relationship between baseline
and postoperative shoulder PROMs24:26.9.56 nossibly because of ceiling effects: patients
with high preoperative scores have less room for improvement. We used multivariable
beta-regression, which is based on the large class of inherently bounded and primarily
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skewed beta distributions,14 to address the limitations of ordinary least squares regression
from ceiling effects and skewed distributions of postoperative PROMs.33:24

We found associations of worse postoperative outcomes with younger age,49-32:35

female sex,>®22:29 current smokers, %2 chronic pain diagnosis, lower preoperative VR-12
MCS,58 presence of worker’s compensation claim,7:6 and prior ipsilateral shoulder
surgery#0.24.2641.9 consistent with previous reports. However, we also observed unexpected
associations of glenoid bone loss, present in respectively 34%, 57%, and 81% of our CTA-
ITSA, GHOA-aTSA, and GHOA-rTSA subgroups, with higher 1-year PSS and each of its
subscores. Since the location and pattern of glenoid bone loss may differ and have different
implications in these groups for how it is surgically addressed, we tested for interactions

to assess if glenoid bone loss had differential effects on outcomes in the groups, but no
significant interactions were observed. This finding may still relate to differing surgical
methods (eg, eccentric reaming, bone grafting, and augmented components) used with aTSA
and rTSA in the setting of varying degrees of glenoid bone loss associated with different
diagnoses (GHOA vs. CTA), but such granular data were not available for analysis in the
current study. Further investigation is needed to confirm and, if confirmed, better understand
these associations.

This study has several strengths. It used a large cohort of consecutive patients with
prospectively collected standardized data within a large tertiary health care system with

a high rate of follow-up for 1-year PROMSs (82%). Factors cited or judged to influence
postoperative outcomes were prespecified for multivariable modeling, and we used beta-
regression models that accommodate skewed data with ceiling effects. Although the effects
of several significant variables were small and perhaps not clinically significant in isolation,
these variables occur in patients in combinations with additive effects in our multivariable
models. For example, a female patient, current smoker with low baseline mental health
status, chronic pain diagnosis, and prior shoulder surgery undergoing rTSA for CTA

would have, on average, a 25-point (2.3 + 5.3+ 2.3 + 3.0 + 3.7 + 8.2) lower 1-year

PSS score compared with a male patient, nonsmoker with high baseline mental health
status, no chronic pain diagnosis or prior shoulder surgery undergoing aTSA for GHOA,
assuming common values of all other modeled factors. For purposes of demonstration and
development of a tool for preoperative patient counseling regarding expected outcomes, we
have developed an online calculator to predict 1-year PSS following primary TSA based

on the multivariable model developed in this study (available online at: https://riskcalc.org/
Predictingl YearPROMSATfterTotalShoulderArthroplasty/).

This study also has limitations. Our patients were from 1 tertiary health care system,

and we excluded patients who did not complete 1-year PROMS, assuming their data

were missing at random. However, non-respondents differed in several characteristics
from respondents (Supplementary Table S2). Generalizing the results to broader patient
populations should be done cautiously. The study also did not include imaging or objective
functional outcomes. Although 1 year has been shown to be an appropriate landmark for
postoperative PROMSs and for investigating the short-term factors associated with PROMs
after shoulder arthroplasty,23:544.10 |onger follow-up and imaging may be needed for
investigating other relevant outcomes such as implant survival or progressive rotator cuff
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failure that could impact longer-term PROMSs across the surgical groups to different degrees.
More granular detail than our database provides may also be needed to better understand
certain associations noted in the study, such as the findings related to glenoid bone loss.
Finally, our data are observational, and measures of associations from our simplistic models
may be biased by omission of unknown confounders and, even if unbiased, may not reflect
causal effects.

Conclusion

PROMs at 1 year following primary TSA are strongly associated with disease diagnosis and
arthroplasty type, with the highest PROM scores demonstrated in patients undergoing aTSA
for GHOA. Predicting postoperative outcomes following primary TSA using patient, disease
and surgical factors could improve preoperative patient counseling regarding expected
outcomes. Future studies are needed to determine whether predictors of short-term PROMs
also predict longer-term outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Patient selection flow diagram for the primary shoulder arthroplasty surgical cohort. *Total
number of cases matching 1 or more exclusion criteria. PROMS, patient-reported outcome

measures; GHOA, glenohumeral osteoarthritis; CTA, cuff tear arthropathy; 7SA, total

shoulder arthroplasty; r7SA, reverse total shoulder arthroplasty; RC, rotator cuff.
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Forest plot showing the estimated difference in means for pain and function subscores and
total PENN Shoulder Score (PSS) and odds ratios for the satisfaction subscore, each with
95% confidence intervals, for predictors in the full models of patients undergoing primary

in Means

shoulder arthroplasty. The effects for continuous variables (age, BMI, CCl, education, ADI,
baseline VR-12 MCS, and baseline PSS) are comparing the 75th vs. 25th percentiles shown
in Table 11. Predictors or contrasts of categories of categorical predictors are regarded as
statistically significant, and their respective estimated effect sizes are depicted in red, only
if the corresponding overall test simultaneously assessing associations of all categories

with the respective 1-year PSS score or subscore is statistically significant. BM/, body

mass index; CC/, Charlson Comorbidity Index; AD/, Area Deprivation Index; VR-12 MCS,
Veterans RAND 12-Item Health Survey mental component summary; £, female; M, male;
CTA, cuff tear arthropathy; r7SA, reverse total shoulder arthroplasty; GHOA, glenohumeral
osteoarthritis; 47SA, anatomic total shoulder arthroplasty; SP, superior-posterior.
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Table Il
Preoperative patient demographic, disease-specific, and surgical characteristics of the 1042 patients
undergoing primary shoulder arthroplasty
GHOA-ITSA (n= CTA-ITSA (n= GHOA-aTSA (n =
Variable All (N =1042) 275) 308) 459) P value
General patient characteristics
Age, yr, median (IQR) 69 (63, 75) 72 (67, 77) 72 (66.8, 76) 65 (59, 71) <.001
BMI, median (IQR) 30 (26.8, 34.3) 29.6 (26.4, 33.3) 29.6 (25.8, 34.2) 30.5 (27.4, 34.8) .003
CCl, median (IQR) 0(0,2) 0(0,2) 1(0,2) 0(0,1) 0027
Education, yr, median (IQR) 14 (12, 16) 14 (12, 16) 13 (12, 16) 14 (12, 16) <.001
ADI, median (IQR) 46 (28, 63) 45 (27, 64) 49 (31, 65) 44 (25, 61) .068
Sex, n (%)
Female 489 (47) 135 (49.1) 170 (55.2) 184 (40.1) <.001
Male 553 (53) 140 (50.9) 138 (44.8) 275 (59.9)
Race, n (%)
White 930 (93) 259 (95.2) 270 (92.2) 401 (92.4) 316
Black 57 (6) 12 (4.41) 17 (5.8) 28 (6.5)
Other 12 (1) 1(0.37) 6 (2.0) 5(1.1)
Smoking status, n (%)
Current 74(7) 17 (6.2) 30(9.7) 27 (5.9) 240
Quit 434 (42) 117 (42.5) 130 (42.2) 187 (40.7)
Never 534 (51) 141 (51.3) 148 (48.1) 245 (53.4)
Preoperative opioid use, n (%)
Yes, within 3 mo 317 (30) 76 (27.6) 108 (35.1) 133 (29.0) 0017
Yes, but not within 3 mo 219 (21) 57 (20.7) 80 (26.0) 82 (17.9)
None in 12 mo 506 (49) 142 (51.6) 120 (39.0) 244 (53.2)
Chronic pain: yes, n (%) 195 (19) 48 (17.5) 67 (21.8) 80 (17.4) .265
Insurance status, n (%)
Private 263 (25.4) 51 (18.7) 46 (15.0) 166 (36.3) <.001
Medicare 729 (70.2) 217 (79.5) 247 (80.5) 265 (57.9)
Medicaid 32 (3.1) 2(0.7) 7(2.3) 23 (5.0)
Worker's compensation 14 (1.4) 3(1.1) 7(2.3) 4(0.9)
Psychiatric diagnosis: yes, n (%) 314 (30) 69 (25.1) 104 (33.8) 141 (30.7) .070
Disease and surgical characteristics, n (%)
Prior shoulder surgery: yes 189 (18) 30 (10.9) 98 (31.8) 61 (13.3) <.001
Glenoid bone loss: yes 590 (57) 222 (80.7) 105 (34.1) 263 (57.3) <.001
Rotator cuff status
1 734 (70.4) 275 (100) — 459 (100) <.001
2 187 (18.0) — 187 (60.7) —
3 66 (6.3) — 66 (21.4) —
4 55 (5.3) — 55 (17.9) —

Humeral component

J Shoulder Elbow Surg. Author manuscript; available in PMC 2024 November 07.
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GHOA-ITSA (n= CTA-rTSA (n= GHOA-aTSA (n=
Variable All (N =1042) 275) 308) 459) P value
Uncemented 914 (88) 264 (96.0) 242 (78.6) 408 (88.9) <.001
Cemented 128 (12) 11 (4.0) 66 (21.4) 51 (11.1)
Superior-posterior rotator cuff 18 (1.7) 1(0.4) 13 (4.2) 4(0.9) .001

repair: yes

IQR, interquartile range; BMI, body mass index; CC/, Charlson Comorbidity Index; AD/, Area Deprivation Index; GHOA, glenohumeral
osteoarthritis; 77SA, reverse total shoulder arthroplasty; C7A, rotator cuff tear arthropathy; a7SA, primary anatomic total shoulder arthroplasty.

Results are presented as median (IQR) for continuous variables and as counts (%) for categorical variables. All statistically significant variables at
a = 0.05 remain so after Bonferroni-Holm multiple comparison adjustment.

J Shoulder Elbow Surg. Author manuscript; available in PMC 2024 November 07.



Page 20

Sahoo et al.

*(S[eAISIUI BOUSPIUOD %4GE) SURIPAL Se paruasald ale sabueyd JA-T *(sa]iirenb) suelpaw se pajussald ate sanjen JA-T pue aAneladosid

‘Aisejdoaype Japinoys [e103 d1lworeue Arewnd ‘s /2 ‘Ayredoiyire Jesl y4nd Jorelol ‘vz ‘Aisejdolyue
J13PINOYS [B10} 3191 'S/ ‘SIILIYLIE03ISO [esawinyous|b ‘Yoo ‘Arewwns Jusuodwod [edisAyd ‘sog ‘Arewiwuns Juauodwod [elusw ‘Sopy ‘AeAng YijesH Wwall-zT ANWY SUBISIBA ZT-4A ‘uonenjend
JLIBWINN JUBWSSASSY 3[BUIS ‘FA/P/S {WI0- JUSWSS3SSY Japnoys paziplepuels suoabing mog|3 pue Japinoys UeslsWy ‘SFS 12109S JapInoys NNId '$Sd ‘sainseal awodino panodai-jusned ‘Spoxd

(6725 (518 (518
(ezt ‘€L€) (z6 (s'ov (L2t ‘T°s8) (T11 ‘T'YE)
‘SOT) ¥'TT 6'Gr (6€ '5'92) 6'1€ '8'9) 8 ‘zTe) 6 (8'GE‘L¥R)E€0E  ‘€OT)STT 454 (e'2€'T52) 90 '8'6) ¥'0T €er (rie'sse)z1e S0d ZT-dA
(909 (509 (519
€z ‘T'LY) (e ‘€) (L1 '6'8%) (4 (6709
Yo v 295 (179 'L°¢v) 6'2S ‘10)¢ 9'€S (r8s'eTr)e6y  '7'0-) L0 Tl (8'19 ‘2'Lv) 95 10)€T W) TS (L09°'6€r) 625 SOW ZT-HA
(528 (86 (05 (s6 (09 (86 (ss (56
‘G'7S) 95 ‘08) 06 (0s '02) 02 ‘SY) G'LY ‘04) 08 (05 ‘z'L1) 08 '56) G°/G ‘08) 06 (0s ‘sT) 08 ''Z8) 8§ ‘08) 06 (0s ‘02) 0 ANVS
(9er (8'sv (eov
(8'sz Loy (zoz '1°92) (z9z ‘7°9¢) (6€2 ‘€'€e) uonouny
‘1eR)8ve ‘le)eey (LT2TIDL9T ‘vAT) 88T 7'S€E (0z '01) 89T ‘1'€2) 67T LTy (L'Tz'6E6) 8YT  'SZT) T€T LTy (LT2'0T) 6T S3sv
(522 (05 (sz (05 (522 (05 (Cr4 (05
'S2) 52 ‘G7) 06 (o€ '01) 02 '02) §'2e ‘or) &7 (o€ ‘01) 02 ‘2§12 ‘G7) 0§ (o€ ‘01) 02 'G2) G2 ‘0v) 0§ (o€ ‘o1) 02 ured S35V
(296 (s6
(218 ‘€'18) (zv (06 (9°€s (s6 (e8y ‘1'91)
‘e'LY) T6Y L'16 (05 ‘sz) 8 ‘8'9g) ¥'6E  ‘19) ¥'08 (05 'sz) 6'9¢ '3'8Y) 1§ ‘28)06 (L9 '8'T2) L'9€  ‘O'SY) 6'9F 888 (67 'e°€2) L'9¢ [e101 SISV
(52 (o1 (8 (ot (P uonoejsiyes
‘1)s1 ‘8) 0T (CHOR (L'99s9 (0T'9)6 (€0t '§1)GL ‘8) 0T ot KV (01'8) 6 (CHOR SSd
(95 (95
(1€ (828 (T'se (9zs (Tze ‘9'Str) (162 ‘5Zh) uonouny
'982) 6'6C  'LY) ¥S (82 '¥1) 02 ‘L12)S€T ‘ve)evy  (P'S2'TTT) 6T '€'62) L°0€ 91§ (L9z'TTT)6T  'SL2) €82 TTS (Lz'92T) 6T SSd
(591 (3 (ST (62 (T (0g (o1 (0g
‘G'ST) 9T ‘92) 82 (CYAARA ‘GCI)GET 'S L2 (ot ‘D11 ‘GGT)S9T  ‘12) 62 sttt ‘ST) G'ST '2) 82 (STt ured 5Sd
(€68 (9v6
(L¥S (596 (9vy ‘1'19) (6°5S ‘v°08) (r'18 (v6
‘16) 6'2S ‘18) 16 (v 'v2) €€ ‘v'6€) 2 6LL (TTV'202) ¥'0E  'S'TS) L'€S 7'88 (ev ‘12) TE ‘8'87) T0S  'SL)GL8 (6'2v '22) 2 [e101 SSd
abueyo aneA anfeA abueyo anfen aneA abueyo anfen anfea abueyo anfen anfea
IA-T IA-T anlre Rdoa id IA-T IA-T anlre edos id AT IA-T aAIre odos id IA-T IA-T aAlre odos id
VS 1e-YOHO VS1-V1D VSL11-YOHD X2 a|qelen

Author Manuscript

I aiqeL

Author Manuscript

Author Manuscript

Asejdouayure Japjnoys Arewnd Bulobiapun syuaired zZi0T 8yl Ul SINOYd aAlteiadoisod Jeak-T pue anneladoaid

Author Manuscript

J Shoulder Elbow Surg. Author manuscript; available in PMC 2024 November 07.



Page 21

Sahoo et al.

*(9%) SIUN09 Se pajuasaid ale s}Nsay

‘Aisejdoaype

JapInoys [e1o} olworeue Arewnd /s /e ‘Ayredosylie Jea) 4nd Joreiol ‘7o ‘Aisejdosyiie Japnoys |e10l 8s1anal ‘S /4 ‘SILIYLIL0aISO [elawinyous|b ‘YOHS ‘erels woldwAs ajqeidadde jusned ‘S5

Author Manuscript

(e8) 9.1 (19) ¥§ D vy (L1 vee >40oM 0} winsy
(o) 8T 626 (z2)9 (ze)ee  Ausbuns jeuonippy
(z6) 607 (18) eve (e6) sy (68) 006 SSvd
VS1e-YOHO VSL1IVLD VSLI-VOHO v a|qelen

Aisejdoayue Japnoys Arewid BuioBispun sjuaned zi0T 8yl Ul Sawod1no Arepuodss aalesadoisod 1eak-auQ

Al 3lgeL

Author Manuscript

Author Manuscript

Author Manuscript

J Shoulder Elbow Surg. Author manuscript; available in PMC 2024 November 07.



Page 22

Sahoo et al.

100>
T8¢
900°
[44%
10

10

S00°
TLL
610’

i7A4

10’

6EE
GE0’
T10°
659’
989
ST16°
S8y’
120

(ee's'seT) vE'e
(Tz'e-"152-) 68%-
(T€'T'69°€-) BT'T-

(Lrv'LL0) 29

(202 '95'9-) 52°0
(68°0-'25'9-) €€~

(ore'se0) €Lt
(TL'1'26°2-) 09°0-
(ev'v '85°0T-) L0°€-
(6v'8-'v1°TE-) 86T
(se'C'vL'1-) 080
(e5°0- '26's-) ¢0e-
(9e'T 'e52-) 850~
(68'C 'v€'T-) LL'0
(62'T- '62'6-) 62'G-
(LTT'1€°2-) L6570~
(T0'6 '29'6-) 99'T
(ev't'Le6-) L6'€~
(81°0- 'v'v-) 1€°C-
(s6'€ '95°0) 922
(L1'1'98'T-) ¥E'0-
(Lz'1'v8°0-) ¢z0
(02'T'80'T-) 90°0
(¥'T '89°0-) 8€°0
(ece'Lc0)8T

VS1e-YOHO
VSLI-VLD
pajusWwa)
SOA

SOA

SOA

asealoul Julod-6"0Z
aIedIpaIN
preaipsiy
uoIresusdwod s JaxI0M
SOA

SOA

ow g ulyum

ow ¢ 0} ¢T wol4
Wwaun)

unod

JByY10

yoelg

aeway

asealoul Jui0d-6'9T
asealoul Jun-Gg
asealoul JA-¢
asealoul Jun-z
asealoul iod-g'/

asealoul JA-ZT

(VSLI-YOHO 'sA) Aisejdoiyire-sisoubelq

(pajuawiaaun sA) uauodwod |elawnH

(ou sA) sso| auoq plous|o

(ou sA) Jredas yno Jojeyol Jorsisod-loliadng

(ou 'sn) Asabuns Japinoys Jold
SONsIIa10eIRYD [e216INS pue aseasiq

|e10} SSd auljaseg

(81eA1Id "SA) SnyeIS BOURINSU|
(ou 'sn) sisoubelp oueIyIAsd

(ou 'sA) uted a1u0Iyd

(ow ZT u1 duou 'sA) asn pioido aanesadoald

(49n8U SA) snyels Burjows

(3MYM 'sn) soey
(3[BINl "SA) X85

SO ZT-YA 8uljsseg
1av

uoieonp3

120

INg

aby

SonsIaloRIRYD JUBNRd [RI8URD

anfeAd

20UB JBYYIP PETeWINST

pre

a|qelre/

Aisejdoaynie Jspnoys Arewid Burobispun syuaiyed ul S|apow [Ny 8yl ul 10301pald Yors 10y S|eAIBUl
30UBPIJU0I 9466 pUR ‘(SSd) 2409S JapINoyS NNId JeaA-T uo sansLideeyd [ealbins pue olydeibowap juaied Jo Solel SpPo pue S199)4e pajewilsy

A 3lqeL

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

J Shoulder Elbow Surg. Author manuscript; available in PMC 2024 November 07.



Page 23

Sahoo et al.

‘Sa|qeIIeA Jay0 |[e Joy Buljjoiuod Jaye ‘(ajnusdled
UIGZ) 6°EY 40 SOIN ZT-HA 8uljaseq yum jusied e ueyr Ajaanoadsal sbesane uo Jsybiy swuiod 9z°z 8Je 1ey) $8100s [e10} SSd Jeak-T sey (ajnusoiad YiG/) 209 40 SOIN ZT-HA duljaseq yim jusied v/ «

"Sa|qeLIeA J3U10 e oy Buljjonuod Jaye ‘suaned S 1-YOHO ueyl AjaAindadsal abelane uo 1amoy sjulod 68°1 aJe 1eyl $alod [e10) SSd Jeak-T aney syuaned WS 1I-VID «
:(sjopow uoissalfial v1aq Yulj-A11IUapI) S8109S |80} SSd JO uonelaidiaul Jo sajdwex3

1 POUIaWINaINNBA-1UILIEIUSE U Aq 53] JO 9602 Y P3] 100D SI Xas 1dadXa a1l iy ut siololpaid [enuajod (G0°0 = ) JuealIubIs Ajjeansiels || 1oy ajes A1aA0dsIp

asfes 8yl 11 8|qeL Ul pareaipul (sajnuadiad yigz “sA yig/) sajienb sy Burredwod ale (199 pue ‘SO ZT-HA 8Uljaseq ‘'SSd auljaseq ‘|ay ‘uoneanp3 ‘g ‘9by) Se|geLIeA SNoNuIU0D J0g S10818 8y L

‘Aisejdoayure Japinoys [e10) olwoleue Arewnd ‘v 2 ‘Ayredoayire Jea) yno Jorelod ‘vz ‘Aisejdoayiie Japinoys (10 8s1anal 'S4 ‘SNIIYLE03]SO
Jesawnyous|b ‘Yoo ‘Arewwns Jusuodwod [ejusw ASAINS YijesH wall-zT ANWY SURISIBA ‘SON ZT-4A ‘Xapu] uoneandaq ealy Y@y ‘xspul AlpIgiowo) uosjieyD Y00 ‘Xapul ssew Apoq /g

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Shoulder Elbow Surg. Author manuscript; available in PMC 2024 November 07.



Page 24

J Shoulder Elbow Surg. Author manuscript; available in PMC 2024 November 07.

Sahoo et al.

100> (9L'0'8€°0) €50  TOO> (62'2-'TL'5-) 00'V—- 800 (eT°0-'€€'T-) €£L°0- VSLI-VLD (VSLI-VOHO 'sn) Aisejdoiypre-sisouelq
6¢L (26'T'€L°0) 20T 60€" (8L'0'8v'c-) §8'0- ¥V (6€°0 '88'0-) 52'0— pajusLa) (pajuBwadUN "sA) JusUOdWOD [esswnH
200° (002 LTT) €ST ST0° (672 '92'0) 8E'T 620" (#6°0 '50°0) 050 SOA (ou 'sn) sso| suoq prous|o
Gov° (zrT'te0) 2Lo G68° (85'¥ ‘00'7-) 62°0 661" (56'T 's6'0-) 050 SBA (ou "sn) areday yno Joyejos Joudisod-1o11edng
€T0° (26'0 '6%°0) 29°0 6T0° (Le0-'vTv-)9zC  T€0° (T°0- 'L6'T-) ¥O'T- SBA (ou "sA) A18buns Jap|noys Jolid
SasLILIdeIeYd _mu_m‘_:m pue asessig
L) (00'T '89°0) 28'0 S00° (672 'T7'0) 0E'T 100> (92'T '¥5°0) 06'0 asealoul Ju10d-6'0z [€10} SSd auljaseg
(29'T'98°0) 0Z'T (62'006'T-) §5°0- (tv'0 '29°0-) 0T'0- aIedIpaN
(922 'v7°0) 660 (19°0 ‘16'2-) 59°€- (oT°0- 'sv'v-) 122~ pIedIpalN
150° (¥8'0 '€T°0) ¥€'0 00’ (60'G- 'SE'6T-)2z2T-  ¥00° (60— '0€'6-) 69'G—  uonesuaduod S, I3I0M (eyentid 'sn) snyeys soueinsul
26 (T€'T'vL'0) 66'0 i) (9T'T'9e'T-) 0T'O- €S (260 '17°0-) 80°0 SOA
T00° (18°0 'v¥°0) 09°0 €10’ (6€°0-'82°€-) €8 T- 26T (81°0 '16'0-) 9€°0- soA  (ou 'sA) sisouBelp oLTeIyaASd (ou 'sA) ured 21uoIYD
(S2'T'0L0) ¥6'0 (90'T '¥€'T-) ¥T'0- (67°0 '28°0-) ZE0- ow € UIyum
Lyy (65T '58°0) 9T'T €58 (S¥'T'02'T-) €TO 66T (62'0'L1°0-) €0 oW € 0} 2T woid (ow T ut auou "sa) asn proido anesadoald
(¥8'0 '€€°0) €50 (98°0- ‘v6'S-) Ov°€- (8€°0 'v9°T-) £9°0- wsLND
600’ (ev'T'280)2T'T 600° (LL0'0eT-)920- 61T (6€°0 'T¥°0-) T0'0- und (49n8U "s) snyels Buyows
(ev'T'6T°0) 250 (L9'G'8L'€-) ¥6'0 (9872 '85'T-) 6€°0 Yo
260° (50T ‘z€°0) 850 9IT (TT'0-'95'6-) ¥8'2-  ¢aT (¥0'0- '£0°€-) G5'T- oe|g (uum “sn) soey
€97 (rr'1'S8°0) TT'T 800° (ev'0-'s8'¢-) ¥9'T-  SOT (91°0'52°0-) 62°0— alewad (31BN "sn) Xas
Lev (0£'T'68'0) 80'T 100> (€97'56'0)6L'T 100° (€6'0'22°0) 850 aseaoul Ju10d-6'91 SO ZT-YA duljssed
SIS (82’1 '88°0) 90T 8G¢’ (670'SET-) V0~  6.G (¥z'0 ‘ev'0-) 60°0- sealoul Jun-Gg 1av
89. (97’1 '28'0) 26'0 89, (€9'0'58°0-) TT0- 999’ (e€'0'12°0-) 90°0 asea.oul JA-y uoneanp3
09’ (€7'T'78'0) 96'0 29 (98'0'€9'0-) TT'0 gIs’ (81°0 '2€°0-) 60°0— asealoul Iun-g 100
4% (62'1'96°0) TT'T 888’ (950'59°0-) ¥0'0-  €€0° (870 '20°0) 520 aseauoul Jutod-g', Ing
809’ (¥€'T '¥8'0) 90'T 8v0’ (S6'T '10°0) 86°0 100> (ST'T'2r'0) 8L°0 aseasoul JA-zT aby
sonsiIaloeIeyd Jualied [eiausD
anfeAd OlRISPPO pOJRWIST  aNnfeAd  S0WDRHIP pojewisT  anfeAd  S0USBHIP porew s

uoloejsiyes Ssd JA-T uonounyssd JA-T ured ssd JA-T P a|qelre/

Aisejdoaynie Jspnoys Asrewid Burobispun sjuaiyed ul S|apow [Ny 8yl Ul 10301pald Yors 10) S|eAIBIUI 3OUSPIUOD %466 PUe ‘(SSd) 8109S Jap|noys
NN3d JeaA-T JO $8102SgNS UOIIRJSITES pue ‘uonouny ‘ured uo salisiIs1dRIRYD [RIIBINS pue o1ydelbowsap Juaiied JO SOIe) SPPO PUER S1994e palewils]

IA 31qeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 25

Sahoo et al.

*Se|qeleA Jayjo |[e 4oy Burjjonuod Jeye ‘(sjnusdiad yigz) swiod gz Jo [e10)
SSd 8ul|ased e ynm uaiied e 40 SPpo sy Uyl 18O %8T = 00T x (28'0-T) 88 X 15e3| 18 JO 81005 UOHIRSHES SSd € Sey (8|1usdlad yig/) siutod 6°Zy O [210} SSd 8ul|aseq e yua Juaied e Jeyl sppo sy

“(sppo euoniodoad 82uay ‘X 40 aNfeA 3y Jo ssajpefial spjoy uoneaidiaiul SIY L (810N S3|qeLIBA JBUIO |[e Joj Bunsnipe Ja)e ‘G 1ses] 18 JO 8109S UOIIIR)SIIeS
SSd JeaA-T e aney siusiied S 1I-YOHO 18y} SPPO aY1 Uy} JaMO] %/ = 00T x (£5°0-T) ate (a|dwexa 1oy ‘G Aes) X 1ses] 18 JO 3100S UOIIIRYSIIES SSd Jeak-T e aney syusned WS 1J-.1D 1eyl Sppo oy e

:(Jopows uoissalba. sppo-[euoiiiodo.d) 8100sqns uonoesies SSd Jo uonelaldiaiul Jo sajdwex3 «

'S9|qeLIeA 1310 |[e 104 Buljjonuod Jaye ‘(ajnusased Yigz) 6'Sh 40 SOIN
ZT-dA uljaseq yum juaired e ueyy ‘Ajaanoadsal ‘abiesane uo Jaybiy syutod 62T pue 85'( aJe 1ey) sa109sgns uonauny pue ured SSd Jeak-T sey (snusasad YiGz) 2°09 J0 SOIN ZT-HA duljaseq Yum juaned v

's3|gelIeA Jaylo |e Joy Buljjosiuod Jsye ‘sjusited WSI-YOHD ueyl ‘Ajaniioadsal ‘abesane uo Jamoj siulod 00y pue €4°0 aJe 1yl $2109sgns uonauny pue uted SSd Jeak-T aney syuaied wS14-v1D «

:(sjopow uolissalBal v1aq Yulj-A11uapl) $8109sgns uoiouny pue uted SSd 4o uonelaidisiul Jo sajdwexy

‘uawisnipe uosuiedwod a|diNw WIoH-1UOLIBJUOY J8)Je 0S UreWal A d|geL Ul 8109 [e10) NNId 03 parejal Ajuesiyiubis A||eonsiels ag 0} punoy sajqeLien vz sy
Jo uaayB13 '|1 a1qeL U1 pareaipul (sajnusdiad YISz 'sA yig/) abuel sajienb ayi Burredwod ase (10D pue ‘'SDIA ZT-HA Uljaseq ‘SSd auljaseq ‘|aV ‘Uoieanpa ‘NG ‘abe) sa|qelieA SNonuRuOd 10) S108443 8y |

‘Aise|doayue Japjnoys [e103 dlwoleue Arewnd /s /e ‘Ayredolyue Jes) Yno 1orelol ‘720 ‘Aisejdolyiie Japjnoys [e101 8sansl ‘1S /4 ‘SILIYLI0dISO
leJawinyous|B ‘Yoo ‘Arewwns wauodwod [erusw ASAINS YijeaH Wal|-ZT ANWY SUBIBIBA ‘SO ZI-4A Xapu| uonealida@ ealy 7@y ‘xepul Aupiglowo) uosiieyd 700 ‘xepul ssew Apoq /g

(#S'T°08°0) TT'T (08¢ '0£T) 852 (z29:0'1€°0-) STO VS.1e-VOHO
aneAd OlleJISPPO PpoleWIST  8neAd  SOUBJBYIp PRleWIST  eneAd  SOUSRYIP porew s

UOIOBSITeS SSd JAT UO1dUN} SSd JAT ured SSd 14T pre a(qelfen

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Shoulder Elbow Surg. Author manuscript; available in PMC 2024 November 07.



	Abstract
	Materials and methods
	Primary shoulder arthroplasty surgical cohort
	Variable selection
	Statistical analysis

	Results
	Primary shoulder arthroplasty surgical cohort
	Preoperative patient- and disease-specific characteristics
	PROMs and multivariable modeling

	Discussion
	Conclusion
	Cleveland Clinic Shoulder Group:
	References
	Figure 1
	Figure 2
	Figure 3
	Table I
	Table II
	Table III
	Table IV
	Table V
	Table VI

