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Objective: The incidence of total shoulder arthroplasty (TSA) in the United States continues to climb as an aging yet active 
population increases demand for the procedure. Due to promising clinical results out of Europe, improvement in prosthesis design, and 
wider acceptance of reverse total shoulder arthroplasty (rTSA), this study was designed to evaluate how rTSA and anatomical TSA 
(aTSA) utilization, patient selection, and length of stay have changed at a single institution.
Methods: This was a retrospective cohort study of patients from one hospital system between 2017 and 2023. Inclusion criteria 
included primary TSA cases using CPT codes. Exclusion criteria included hemiarthroplasty, revision arthroplasty, non-arthroplasty 
procedures. Primary arthroplasty procedures were separated into reverse or anatomic cohorts for analysis. Independent sample t-tests 
were used to compare continuous data between the first and last year of cohort data and to compare parameters between procedure 
types. Chi-square analysis was used for frequency-based data comparisons. Type-I error was set at α=0.05 for all analyses.
Results: From all 2774 shoulder arthroplasty cases identified, 2604 TSA cases were included in the final statistical analyses, 2114 of 
which were rTSA and 490 anatomic TSA. Comparison of arthroplasties in 2017 and 2023 revealed, rTSA increased from 115 surgery 
cases to 549, or 77.18% to 82.81% over the study period (p < 0.001). Anatomic TSA increased in total surgery cases from 29 to 111, 
(p = 0.655) and thus signifies an overall decrease in anatomic surgery utilization from 19.46% to 16.74%. Data showed an increase in 
average patient age for rTSA and decreased procedure time and length of stay for both groups.
Conclusion: rTSA utilization has surpassed and continues to increase relative to anatomic TSA. Peri-operative management of 
shoulder replacement has become more efficient with significantly decreased procedure time and decreased total hospital length of stay 
after primary TSA.
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Introduction
The incidence of shoulder arthroplasty in the United States continues to climb as an aging yet active population increases 
demand for the procedure. As prior studies have noted, due to promising clinical results out of Europe, improvement in 
prosthesis design and wider acceptance of the procedure, the usage of total shoulder arthroplasty saw a significant 
increase in 2004, coinciding with the FDA approval of the reverse total shoulder arthroplasty (rTSA).1 While approved 
for use in the treatment of elderly, low-demand rotator cuff arthropathy, off-label indications of rTSA have expanded to 
include primary osteoarthritis, revision shoulder arthroplasty, proximal humerus fracture, proximal humerus tumor, fixed 
glenohumeral dislocation and irreparable rotator cuff tears.2

Many factors have contributed to the increased popularity of rTSA. Modern rTSA designs have continued to improve 
with less scapular notching and decreased rates of neurologic injury. Increased exposure during training and broader 
acceptance of the procedure have led to improvements in technique with prior studies reporting a learning curve of 25 
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cases leading to decreased operative time, improved patient reported outcome and fewer complications.3 The profile of 
complications has also changed; prosthetic joint infections having overtaken instability as the most common complica
tion, suggesting improvements in surgical technique.4

In prior utilization studies drawing from the Nationwide Inpatient Sample, the reverse total shoulder arthroplasty had 
accounted for up to 32.6% of all arthroplasties performed in 2011 and only appears to be gaining more traction.5 The 
most common indications for rTSA reported were osteoarthritis, rotator cuff tear and proximal humerus fracture. The 
average rTSA patient was likely to be older than 75 years, female and with more medical comorbidities compared with 
anatomic TSA (aTSA) or hemiarthroplasty. In-hospital complications including acute respiratory distress, post- 
hemorrhagic anemia, post-operative hypotension and pulmonary embolism were also more commonly reported in 
rTSA. In a 10-year period (2005–2015) evaluating rTSA utilization at a single institution, Chalmers et al reported 
decreased surgical time and in-hospital stay as a correlate to clinical improvement. They also noted that rTSA became the 
more commonly performed TSA at the end of their observation period and projected the gap would further widen 
between reverse and anatomic total shoulder arthroplasty.6

The purpose of this study was to evaluate how utilization of primary anatomic and reverse total shoulder arthroplasty 
have changed and to describe the indications, patient selection, and complication profile system-wide between 2017 and 
2023. We hypothesize that rTSA utilization will compose an increased proportion of all shoulder arthroplasty cases 
performed and be performed in an older patient cohort as well as decreased complication rate.

Methods
This was a retrospective cohort study of total shoulder arthroplasty patients at a single institution. Internal Institutional 
Review Board (IRB) approval was required and received prior to study start. The study adhered to the principles of the 
Declaration of Helsinki. A request for a waiver of consent was granted, as the research was minimal risk and could not 
practicably be carried out without using such a method. Data confidentiality was maintained with password protection 
and file encryption. Inclusion criteria include primary aTSA and rTSA performed in the Houston Methodist Hospital 
System between 2017 and 2023. This cohort was identified with proprietary software by the health data science and 
analytics team using CPT codes for shoulder arthroplasty as a filter. Exclusion criteria were hemiarthroplasty, revision 
arthroplasty, non-arthroplasty procedures. Non-arthroplasty procedures performed at the same time as primary arthro
plasty were included. Of note, system-wide data prior to 2016 was not available due to the EMR merge at our institution. 
Data from years 2016 and 2024 were excluded due to incomplete per annum data. Notably, there is no separate CPT code 
for primary anatomic versus primary reverse total shoulder arthroplasty. The extracted charts were then individually 
verified by an orthopedic surgeon in fellowship training to determine whether primary aTSA or rTSA procedure was 
performed through pre-operative medical records operative report and immediate post-surgical radiographs. Primary 
arthroplasty patients were separated into reverse and anatomic cohorts for analysis. Demographic data including age, sex, 
BMI, ASA score, length of procedure and hospital stay were compared between 2017 and 2023.

Independent sample t-tests were used to compare continuous data between first and last year of cohort data. The same 
test was used to compare parameters between procedure types. Next, Chi-square analysis was used for frequency-based 
data comparisons. Type-I error was set at α=0.05 for all analyses.

Results
A total of 2774 primary arthroplasty cases were identified, 170 patients were excluded based off inclusion and exclusion 
criteria. 2604 primary shoulder arthroplasties were included in the final statistical analyses, 2114 of which were reverse 
TSA and 490 anatomic TSA (Figure 1).

Both anatomic and reverse total shoulder utilization increased during the study period (Figure 2). Primary TSA 
utilization, both aTSA and rTSA, increased from 144 total cases to 660, or a 4.58 fold increased from 2017 to 2023. 
From the start of the study date (2017), rTSA had already overtaken aTSA as the more commonly performed primary 
shoulder arthroplasty procedure. This trend continued to increase year over year as hypothesized. As a proportion of all 
primary TSA performed, primary reverse TSA significantly increased from 77.18% to 82.81% (P < 0.001) over the study 
period, whereas primary anatomic TSA decreased from 19.46% to 16.74% (Table 1).
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The average age of patients indicated for reverse TSA significantly increased from 70.77 to 72.75 years (P = 0.009). 
While anatomic TSA age showed a non-significant decreased from 68.03 to 65.52 years (P = 0.203). Other demographic 
data showed a significant decrease in procedure time for reverse TSA (110.11min to 100.09min, P = 0.004), while 
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Figure 1 Consort diagram. 
Abbreviation: EMR, Electronic Medical Records.

Figure 2 Incidence of rTSA (black triangles) and anatomic TSA (grey dots) by year as shown by proportion and frequency annually from 2017 to 2023.
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anatomic TSA procedure time did not have significant changes. Length of stay significantly decreased in both groups, 
57.98 to 30.72 hours in reverse TSA (P < 0.001), and 51.56 to 24.43 hours in anatomic TSA (P < 0.001) (Table 1).

Discussion
Demand for shoulder arthroplasty continues to increase. This is in part due to the growing role for reverse total shoulder 
arthroplasty for a multitude of shoulder pathologies, now with significant overlap between indications. In patients with 
glenohumeral arthritis without evidence of cuff tear, reverse total shoulder has become a preferred alternative procedure 
to the anatomic total shoulder. Prior studies have shown similar clinical and radiographic outcomes between the two 
procedures with a significantly higher rate of complications in the aTSA group compared with rTSA.7 Our results show 
an increased utilization of primary total shoulder arthroplasty over the 7-year period with over 4 in 5 new shoulder 
replacements in the last year being rTSA. These results are in agreeance with previously published studies.5,6 With the 
increasing number of reverse and total shoulder replacements overall and expanding indications for shoulder replace
ment, we might expect to see more complications and revision procedures as it is used in more complex clinical 
scenarios.

One of the advantages of rTSA over anatomic or hemiarthroplasty is less reliance on an intact rotator cuff to flex and 
abduct the arm, as in cases of rotator cuff tear arthropathy. Expanding indications for reverse now include complex 3- or 
4-part proximal humerus fractures due to less reliance on tuberosity healing and has proven to be an excellent treatment 
option in both primary and revision fracture settings.8 As such, many surgeons are possibly using the reverse total 
shoulder rather than anatomic shoulder replacements to obtain more reliable clinical outcomes for patients.

Advantages may also be present in the design of the rTSA prosthesis which has undergone improvements from its 
inception. The second-generation prosthesis includes a hemispherical glenoid component and increased inclination of the 
humeral neck shaft. While improved, scapular notching remained a concern for implant failure.9 Modern rTSA designs 
have continued to increase the inclination of the shaft and decrease scapular notching and improve bony impingement.10 

Biomechanically, rTSA alters the center of shoulder rotation to allow the deltoid to work in a modified form, creating 
tension and a longer lever for mechanical advantage in abduction. Together the improvements in prosthesis design have 
generated desirable effects that might contribute to this emerging trend of utilization.

Over the 7-year period at our institution, patient profiles for anatomic total shoulder arthroplasty were younger, had 
fewer co-morbidities using ASA score as a measure of baseline health and male. We interpreted these results as surgeons 
using stricter indications for the anatomic shoulder replacement in younger, healthier males. Even more telling, by the 
time our institution had switched to EPIC EMR in 2017, the reverse shoulders had already supplanted anatomic shoulders 
as the more common primary total shoulder.

Shoulder arthroplasty continues to be a high-demand procedure. While utilization of reverse total shoulder has 
outpaced anatomic total shoulders, incidence of both procedures has increased annually at our institution. Primary total 

Table 1 Demographic Data from 2017 and 2023

rTSA aTSA

2017 (n=115) 2023 (n=549) P-value 2017 (n=29) 2023 (n=111) P-value

% arthroplasties 77.18% (n=89) 82.81% (n=455) < 0.001 19.46% (n=6) 16.74% (n=19) 0.655

Female 61.74% (n=71) 58.29% (n=320) - 72.41% (n=21) 40.54% (n=45) -
Male 38.26% (n=44) 41.71% (n=229) 27.59% (n=8) 59.46% (n=66)
Age 70.77 ± 7.58 72.75 ± 7.37 0.009 68.03 ± 10.33 65.52 ± 9.17 0.203

BMI 30.65 ± 6.77 29.98 ± 6.74 < 0.001 31.26 ± 6.05 30.5 ± 5.56 0.317
ASA 2.65 ± 0.58 2.71 ± 0.57 0.336 2.72 ± 0.53 2.53 ± 0.57 0.102

Procedure Time (min) 110.11 ± 41.69 100.09 ± 31.74 0.004 126.28 ± 48.53 120.23 ± 34.05 0.440

Length of Stay (hr) 57.98 ± 35.05 30.72 ± 30.76 < 0.001 51.56 ± 30.48 24.43 ± 22.05 < 0.001

Note: Continuous data presented as means ± SD and significant P-values in bold. 
Abbreviations: rTSA, reverse total shoulder arthroplasty; aTSA, anatomic total shoulder arthroplasty; BMI, body mass index; ASA, American 
Society of Anesthesiologists physical status classification system.
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shoulder replacement at our institution saw a 4.58-fold or 358% increase system-wide over the last 7 years. With 
increased use and familiarity with shoulder replacement procedures, our study suggests more efficient patient care and 
improved surgical technique with statistically significant decrease in operative time and hospital length of stay. While 
most patients in our study were admitted overnight in the hospital, as we have seen in the total knee and hip replacement 
population, the drive towards outpatient procedure have driven subsequent efficiency and cost-saving measures. Other 
studies examining same-day total shoulder arthroplasty in the United Kingdom have shown no change in readmission 
rate or early functional differences, but with a significant cost benefit.11

Our study has notable limitations. The retrospective, chart review nature is subject to selection bias. All surgeons 
performing shoulder arthroplasty system-wide were included in this analysis with varying experience in practice. This 
presents possible confounders including exposure to reverse and anatomic shoulder replacements that may not capture 
surgeon indications but rather reflect familiarity with a procedure. Patients who underwent shoulder replacement in our 
study reflects a subset of patients indicated for and offered surgical treatment for shoulder pathology. Our study would 
not capture patients who qualified for a total shoulder but either elected to not have surgery or went outside of our 
system. There was no direct comparison of anatomic and reverse shoulder cohorts or randomization of patients into 
separate groups. However, this may not be feasible or ethically sound given expected outperformance of reverse 
shoulders compared with anatomic.

We did not include hemiarthroplasty procedures in our analysis as the surgical indications have less overlap with 
those of reverse total shoulders, although the number of hemiarthroplasties performed system-wide at our institution is 
already far out-numbered by the total shoulder procedures and unlikely to change our data to any significant degree. 
Lastly, this study did not measure outcomes or complications in anatomic or reverse shoulder arthroplasty cohorts. With 
increased utilization of primary total shoulder replacements, there will be an associated increase in complications and 
revisions. Further studies exploring long-term outcome data in these cohorts will be important to develop and refine 
practices in managing these shoulder pathologies.

Conclusion
Based on our findings, reverse total shoulder arthroplasty utilization has increased and surpassed anatomic total shoulder 
replacements. Peri-operative management of shoulder replacement has become more efficient with decreased procedure 
time of reverse TSA and total hospital length of stay after primary TSA procedures. While indications in this cohort of 
patients included tumor, irreparable cuff tears and fracture, further work is needed to examine how primary TSA 
utilization patterns have changed for these other complex shoulder problems and investigate long-term outcome data 
following use of shoulder replacement for these pathologies.

Disclosure
Dr Patrick McCulloch reports Consultancy from Arthrex, Inc., Stock Options from Orthobullets.com, outside the 
submitted work. The authors report no conflicts of interest in this work.
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