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Introduction: The past 20 years has seen a dramatic increase in the utilization of shoulder arthroplasty. However, there are few examples in the literature 
quantifying and comparing the value associated with anatomic total shoulder arthroplasty (aTSA) and reverse total shoulder arthroplasty (rTSA). The goal of 

this study is to conduct a controlled longitudinal analysis of aTSA and rTSA outcomes and implant cost from 2007 to 2021 to quantify changes in value, as 

measured by the ratio of outcomes and cost.  
 

Methods: An international database of a single platform shoulder arthroplasty prosthesis was analyzed for all clinical sites that have continuously enrolled 

cases from 2007 to 2021. To compare primary aTSA and primary rTSA clinical outcomes, we segmented patients into 3, 5-year cohorts based upon the date 
of implantation: 2007-2011, 2012-2016, and 2017-2021. Clinical outcomes were compared across the 5-year implantation cohorts to identify differences at 

defined post-operative intervals. Patients were evaluated pre-operatively and post-operatively using the SST, UCLA, ASES, Constant, and SAS scoring 

metrics; and using VAS pain and global shoulder function. Range of motion was quantified for active abduction, forward elevation, and internal/external 
rotation Revision rates were also analyzed. Finally, a value analysis was conducted for primary aTSA and primary rTSA patients across the 5-year implantation 

cohorts, with value measured by the ratio of each 2-3 year post-operative outcome measure and the average implant selling price each year for the US sites in 

constant 2007 US dollars. A Student’s t-test was used to identify differences between continuous variables between 5-year cohorts and a Wilcoxon-rank-sum 
test was used to identify differences between ordinal variables.  

 

Results: Six clinical sites (4 in the US and 2 in France) were identified that continuously enrolled shoulder arthroplasty patients from 2007 to 2021. Primary 
aTSA and primary rTSA patients were segmented and compared based upon the date of implantation: 2007-2011 (aTSA: n=457; rTSA: n=507), 2012-2016 

(aTSA: n=694; rTSA: n=1326), and 2017-2021 (aTSA: n=367; rTSA: n=1617). Primary aTSA patients over the past 10 years are significantly younger than 

aTSA patients from 2007-2011, and these patients are increasingly being treated for predominately OA diagnosis, with a significant decline in treatment of 
RA diagnosis and also in patients with inflammatory arthritis over the past 10 years. By comparison, primary rTSA patients over the past 5 years are 

significantly younger and also less predominately female as compared to rTSA patients from 2007-2011. Primary rTSA patients are increasingly being treated 
for predominately OA diagnosis, with a significant decline in usage for rotator cuff tear arthropathy diagnosis and also in patients with inflammatory arthritis 

over the past 10 years. Additionally, primary rTSA patients are increasingly being used in patients with less comorbidities. The functional status of primary 

aTSA and primary rTSA patients have also changed over the 15-year study period. For nearly every measure, patients over the past 5 and 10 years have more 
motion, more function, and higher clinical scores prior to surgery than patients in 2007-2011. After surgery, both primary aTSA (Figure 1) and primary rTSA 

(Figure 2) patients over the past 5 to 10 years generally have the same or better motion and clinical outcome scores at most post-operative timepoints as 

compared to patients from 2007-2011. Specifically at 2-3 years after surgery, primary aTSA patients since 2012 have significantly greater forward elevation 

and external rotation and also significantly more strength and a significantly higher Constant score than aTSA patients from 2007-2011. Similarly, primary 

rTSA patients since 2017 have significantly greater abduction and external rotation and also significantly more strength and a significantly higher Constant 

score than rTSA patients from 2016 and before. No significant differences in the revision rate were observed for aTSA patients 2 years after surgery across 
the 3 implantation cohorts (2007-2011: 3.7%, 2012-2016: 3.7%, 2017-2021: 4.6%) or for rTSA patients 2 years after surgery across the 3 implantation cohorts 

(2007-2011: 1.8%, 2012-2016: 2.6%, 2017-2021: 1.8%).  

 
Regarding value, the average selling price associated with primary aTSA and primary rTSA patients at the US sites analyzed in this study as well as value 2-

3 years after surgery is compared between the 3, 5-year implantation cohorts in Figure 3. Comparing the average selling price of primary aTSA and primary 

rTSA implants demonstrates that primary aTSA implants have been less expensive than primary rTSA implants over the study period. When accounting for 
inflation, the average selling price of aTSA implants has been relatively stable at about $5,000 in constant 2007 US dollars over the 15-year period of analysis 

despite the introduction of new aTSA implant technology like augmented hybrid glenoids and 3D printed stemless humeral components. However, the average 

selling price of rTSA implants has significantly declined, decreasing by 15% across the 3, 5-year cohorts in constant 2007 US dollars. As a result, value, as 
measured by the ratio of each post-operative outcome measure and the average annual US implant cost for the 4 US sites, significantly increased over the 15-

year period of analysis for primary rTSA patients for nearly every outcome measure. In comparison, value remained relatively constant for primary aTSA 

patients, though a few significant differences were observed. However, it is interesting to note that the magnitude of the value associated with aTSA is greater 
than that for rTSA for each outcome measure, regardless of the implantation timepoint.    

 

Discussion: Our longitudinal analysis of shoulder arthroplasty clinical outcomes and value at 6 high-volume clinical sites who continuously enrolled patients 
from 2007 to 2021 identified many interesting findings. First and foremost, our results demonstrate that primary aTSA and primary rTSA patients have 

achieved positive clinical outcomes that have been sustained over the 15-year period of analysis, irrespectively of the year in which the procedure was 

performed. Second, our results demonstrate the increasing utility of rTSA, whose use has dramatically increased over the study period. rTSA is now the 
dominate shoulder arthroplasty procedure at each of the 6 sites. Third, both primary aTSA and primary rTSA clinical outcomes are steadily improving with 

no changes in the revision rate, where patients who received shoulder arthroplasty more recently have generally better motion and higher clinical outcome 

scores at most post-operative timepoints relative to patients who received their arthroplasty between 2007-2011. Finally, our results demonstrate that value, as 
measured across multiple patient-focused dimensions, including active range of motion, pain, function, and PROMs, has continuously increased for primary 

rTSA patients and has been maintained at a high-level for aTSA patients over a 15-year period of analysis.  

 
The observation that aTSA and rTSA outcomes are generally improving with implantation time is encouraging, especially considering the rapid adoption of 

new technologies that have occurred over the study period across the 6 clinical sites. The increase in value associated with rTSA across each of the outcome 

measures was driven primarily by a decline in implant selling price with a corresponding introduction of new implant technologies, such as augmented glenoid 
baseplates, short plasma-coated humeral stems, CT-based pre-operative planning, and intra-operative surgical navigation. One of the more interesting findings 

is that the relative value of primary aTSA is greater than that of primary rTSA, regardless of implantation time. These findings are increasingly relevant as the 

indications for rTSA continue to expand to include OA, the typical indication for aTSA. However, it should be noted that rTSA patients were observed to have 
a lower revision rate than aTSA patients and the cost of revision surgery was not considered in our value assessment. Future work should analyze value in 

aTSA and rTSA patients with the same indications and also for patient populations with an elevated risk for complications.  

 
Significance: In conclusion, our 1,518 aTSA and 3,450 rTSA longitudinal analysis of shoulder arthroplasty outcomes and value across 6 clinical sites from 

2007 to 2021 demonstrated positive clinical results irrespectively of the year in which the procedure was performed. Moreover, both primary aTSA and primary 

rTSA clinical and radiographic outcomes are steadily improving relative to patients who received their arthroplasty between 2007-2011. These clinical 
improvements, in combination with steady aTSA and declining rTSA implant prices, have driven rTSA value to continuously increase while aTSA value has 

been maintained at a high-level over a 15-year period of analysis, even when considering the cost and adoption of new technologies.  
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Figure 1. Comparison of Primary aTSA Outcomes at Various Post-operative Follow-up Intervals Across the 3, 5-year Implantation Cohorts, Top Left = 

Average Active Forward; Top Right = Average Active External Rotation, Middle Left = Average VAS Pain; Middle Right = Average Constant Score; 

Bottom Left = Average ASES Score; and Bottom Right = Average SAS score 
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Figure 2. Comparison of Primary rTSA Outcomes at Various Post-operative Follow-up Intervals Across the 3, 5-year Implantation Cohorts, Top Left = 

Average Active Forward; Top Right = Average Active External Rotation, Middle Left = Average VAS Pain; Middle Right = Average Constant Score; 

Bottom Left = Average ASES Score; and Bottom Right = Average SAS score 
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 Average 
Implant 

Selling Price 
(2007 USD) 

Active 
Abduction 

Active 
Forward 
Elevation 

IR Score Active 
External 
Rotation 

VAS Pain Global 
Shoulder 
Function 

SST Constant ASES UCLA SAS 

aTSA 2007-
2011 

$4,998 26.7 ± 6.9 29.8 ± 7.1 1.1 ± 0.3 10.0 ± 4.0 0.6 ± 1.0 1.8 ± 0.5 2.3 ± 0.5 14.8 ± 3.6 17.8 ± 4.6 6.6 ± 1.4 16.8 ± 3.5 

aTSA 2012-
2016 

$5,141 24.6 ± 6.0 28.6 ± 5.1 1.0 ± 0.3 10.8 ± 3.6 0.2 ± 0.4 1.7 ± 0.3 2.1 ± 0.4 14.3 ± 2.4 17.1 ± 3.4 6.2 ± 0.9 16.1 ± 2.2 

aTSA 2017-
2021 

$5,079 25.3 ± 6.0 30.5 ± 5.9 1.1 ± 0.3 11.7 ± 3.8 0.3 ± 0.4 1.7 ± 0.4 2.1 ± 0.5 15.0 ± 2.7 17.3 ± 4.2 6.3 ± 1.2 16.7 ± 2.8 

P Value (2007-
11 vs. 2012-
16) 

0.0005 0.0002 0.0212 0.0002 0.0280 <0.0001 0.0011 <0.0001 0.0925 0.0443 <0.0001 0.0034 

P Value (2007-
11 vs. 2017-
21) 

0.1397 0.0674 0.4046 0.4940 0.0003 0.0002 0.0880 0.0006 0.5805 0.3319 0.0713 0.8394 

P Value (2012-
16 vs. 2017-
21) 

0.0048 0.3205 0.0015 0.0218 0.0149 0.1644 0.6246 0.7818 0.0227 0.6570 0.2377 0.0146 

rTSA 2007-
2011 

$8,558 12.3 ± 2.8 16.3 ± 3.2 0.6 ± 0.2 3.7 ± 1.7 0.1 ± 0.2 0.9 ± 0.2 1.2 ± 0.3 8.0 ± 1.6 9.9 ± 1.9 3.6 ± 0.6 9.0 ± 1.4 

rTSA 2012-
2016 

$8,068 14.6 ± 3.7 17.1 ± 3.4 0.5 ± 0.2 4.5 ± 2.3 0.2 ± 0.3 1.0 ± 0.2 1.2 ± 0.3 8.5 ± 1.8 10.2 ± 2.3 3.7 ± 0.7 9.3 ± 1.6 

rTSA 2017-
2021 

$7,302 16.4 ± 3.7 18.9 ± 3.4 0.6 ± 0.3 5.5 ± 2.4 0.2 ± 0.3 1.1 ± 0.3 1.4 ± 0.3 9.4 ± 1.9 11.2 ± 2.5 4.1 ± 0.7 10.3 ± 1.6 

P Value (2007-
11 vs. 2012-
16) 

<0.0001 <0.0001 0.0008 0.0780 <0.0001 0.0051 0.0046 0.1925 0.0007 0.0669 0.0031 0.0254 

P Value (2007-
11 vs. 2017-
21) 

<0.0001 <0.0001 <0.0001 0.0066 <0.0001 0.0004 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

P Value (2012-
16 vs. 2017-
21) 

<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.2110 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

Figure 3. Comparison of “Value” Between 5 Year Cohorts: Average Ratio of Post-operative Outcomes and Implant Cost (in thousands of 2007 US Dollars) 

for Primary aTSA and Primary rTSA Patients at 2-3 years Follow-Up 
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