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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 (PROMs), 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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rTSA < 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 PROMs 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 II; Prospective Cohort Comparison; Prognosis Study
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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.31,48 Surgical outcomes 

following total shoulder arthroplasty (TSA) vary by arthroplasty type (anatomic [aTSA] 

or reverse [rTSA])21,45,34 and design, and preoperative factors such as diagnosis,51,40 

rotator cuff status,33,24 degree of glenoid or humeral bone loss,50,12,11 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.34,42,57,19 

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 PROMs 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 PROMs do not substantially 

change between 1 and 2 years post-operatively.23,54,4,10 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 database30 (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-Item Health Survey (VR-12) 

mental component summary (VR-12 MCS), psychiatric diagnosis, comorbidities (Charlson 

Comorbidity Index [CCI]),36 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 International Classification of Diseases, Ninth Revision (ICD-9), diagnosis 

of 338.2 (chronic pain) and/or 304.0x (opioid dependence), and psychiatric diagnosis by 

ICD-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.46,18

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 described38 (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 χ2 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.37 Age, body mass index, CCI, 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.1

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.47

Data management and analysis used R, version 4.0,43 particularly the betareg and rms 
packages. Hypothesis testing was 2-sided and considered significant if P < .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 PROMs (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 II presents the patient and disease/surgical characteristics of the overall sample and 3 

diagnosis-arthroplasty subgroups: GHOA-rTSA (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 III and IV 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 VI, 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.21,7 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.51,40 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-

rTSA, 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 MCS56 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 

illness.54,53,47 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 PROMs 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).40 Conversely, some studies have reported an inverse relationship between baseline 

and postoperative shoulder PROMs24,26,9,56 possibly 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,55,22,29 current smokers,9,52 chronic pain diagnosis, lower preoperative VR-12 

MCS,56 presence of worker’s compensation claim,47,6 and prior ipsilateral shoulder 

surgery40,24,26,41,9 consistent with previous reports. However, we also observed unexpected 

associations of glenoid bone loss, present in respectively 34%, 57%, and 81% of our CTA-

rTSA, 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 PROMs (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/

Predicting1YearPROMSAfterTotalShoulderArthroplasty/).

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 PROMs and for investigating the short-term factors associated with PROMs 

after shoulder arthroplasty,23,54,4,10 longer 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 PROMs 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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Figure 1. 
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; TSA, total 

shoulder arthroplasty; rTSA, reverse total shoulder arthroplasty; RC, rotator cuff.
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Figure 2. 
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 

shoulder arthroplasty. The effects for continuous variables (age, BMI, CCI, education, ADI, 

baseline VR-12 MCS, and baseline PSS) are comparing the 75th vs. 25th percentiles shown 

in Table II. 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. BMI, body 

mass index; CCI, Charlson Comorbidity Index; ADI, Area Deprivation Index; VR-12 MCS, 

Veterans RAND 12-Item Health Survey mental component summary; F, female; M, male; 

CTA, cuff tear arthropathy; rTSA, reverse total shoulder arthroplasty; GHOA, glenohumeral 

osteoarthritis; aTSA, anatomic total shoulder arthroplasty; SP, superior-posterior.
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Figure 3. 
Relative variable importance of patient demographic, disease-specific, and surgical 

characteristics on 1-year PSS total (A) and its subscores (Pain [B], Function [C], 

Satisfaction [D]), based on the increase in Akaike information criterion (AIC) on removal 

from the full model. Variables with the largest contribution to outcomes are listed at the 

top of the respective charts. VR-12 MCS, Veterans RAND 12-Item Health Survey mental 

component summary; PSS, PENN Shoulder Score; BMI, body mass index; SP, superior-

posterior.
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Table II

Preoperative patient demographic, disease-specific, and surgical characteristics of the 1042 patients 

undergoing primary shoulder arthroplasty

Variable All (N = 1042)
GHOA-rTSA (n = 

275)
CTA-rTSA (n = 

308)
GHOA-aTSA (n = 

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

 CCI, 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.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Sahoo et al. Page 19

Variable All (N = 1042)
GHOA-rTSA (n = 

275)
CTA-rTSA (n = 

308)
GHOA-aTSA (n = 

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 
repair: yes

18 (1.7) 1 (0.4) 13 (4.2) 4 (0.9) .001

IQR, interquartile range; BMI, body mass index; CCI, Charlson Comorbidity Index; ADI, Area Deprivation Index; GHOA, glenohumeral 
osteoarthritis; rTSA, reverse total shoulder arthroplasty; CTA, rotator cuff tear arthropathy; aTSA, 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 
α = 0.05 remain so after Bonferroni-Holm multiple comparison adjustment.
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