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Abstract
Objective The establishment of clinical registries is essential for the comprehensive evaluation of surgical outcomes. 
In 2006, the Schulthess Shoulder Arthroplasty Registry (SAR) was launched to systematically assess safety, implant 
longevity, functional outcomes, pain levels, quality of life, and patient satisfaction in individuals undergoing shoulder 
arthroplasty. This paper aims to outline the registry data and demonstrate how it is leveraged to improve clinical 
outcomes. Additionally, we provide guidance for organizations currently collecting or planning to collect similar data.

Participants Our SAR systematically records adult patients’ data undergoing either anatomic or reverse shoulder 
joint replacement at the Schulthess Clinic. Both primary and revision surgeries are comprehensively documented 
within the registry.

Current outcomes From March 2006 to December 2023, the SAR included 98% of eligible operations. A total of 
2301 patients were recruited, accounting for 3576 operations and 14,487 person-years of follow-up. At baseline, 
the mean age was 71 (range: 20–95), with 65% being female patients. The most prevalent indication was cuff tear 
arthropathy (46%), and the mean preoperative Constant Score was (31 ± 15). Notably, functional recovery peaked at 
12 months postoperatively, displaying no clinically significant deterioration during the initial ten follow-up years in the 
overall cohort (including both primary arthroplasty and revisions). The registry has been instrumental in addressing 
various clinical and methodological inquiries, focusing particularly on comparing different implant configurations 
and surgical techniques to optimize functional recovery. Additionally, SAR data played a pivotal role in substantiating 
the clinical significance and reliability of radiological monitoring for cortical bone resorption, scapular notching, and 
glenoid component loosening.
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Introduction
Registries play a pivotal role in advancing the field of 
Shoulder Arthroplasty (SA) by serving as comprehensive 
repositories of patient information. The significance of 
registries lies in their ability to systematically collect and 
disseminate important patient information related to SA 
outcomes. By documenting a wide array of patient out-
comes, including surgical methods, postoperative com-
plications, and long-term functional results, registries 
contribute to a deeper understanding of safety and effec-
tiveness of clinical practices [1].

Shoulder arthroplasty is recommended in the following 
conditions: osteoarthritis, rheumatoid arthritis, rotator 
cuff arthropathy, avascular necrosis and posttraumatic 
arthritis as well as certain conditions after failed previous 
surgeries.

Within the realm of SA, the Schulthess Local Shoulder 
Arthroplasty Registry (SAR), situated in Zurich, Switzer-
land, offers a comprehensive cohort profile for both ana-
tomic and reverse shoulder arthroplasty. This resource 
provides valuable insights into the multifaceted factors 
impacting patient outcomes. Registries like SAR facilitate 
evidence-based decision-making by offering a compre-
hensive view of real-world scenarios, helping clinicians 
refine their approaches and optimize patient care pro-
tocols. In addition, the systematic collection of patient-
reported outcomes within such registries is pivotal, as 
it reflects the subjective experiences and perspectives of 
individuals undergoing SA as well as systematic docu-
mentation of various implant designs and configurations.

In addition, our local registry plays a fundamen-
tal role in monitoring the performance of orthopedic 
implants over time. This includes tracking the longev-
ity of implants, detecting potential failures or problems, 
and informing decisions about the selection of implants 
in our clinical practice. The SAR contributes to post-
market surveillance of orthopedic devices and implants. 
This continuous monitoring helps regulatory authorities 
and manufacturers identify any safety concerns and take 
appropriate actions if needed.

Collectively, our SAR has been used for benchmarking 
and quality assurance purposes, comparing their perfor-
mance and outcomes with local or international stan-
dards. This allowed our institution to identify areas for 
improvement and adopt our clinical practices. In essence, 
the SAR emerge as a crucial tool in enhancing both the 
clinical knowledge base and the overall quality of patient 
care.

The aim of this paper is to outline our registry data and 
provide details on how we leverage our registry. Addi-
tionally, we aim to offer guidance for other organizations 
currently collecting or planning to collect similar data.

Population description
The registry comprises a retrospective cohort of adult 
patients who underwent anatomic or reverse shoulder 
joint replacement or implant revision at Schulthess Clinic 
in Zurich, Switzerland. Data collection for the registry is 
ongoing, incorporating both retrospective and prospec-
tive data. The registry’s completeness is determined by 
comparing registered cases to all eligible cases in the hos-
pital billing system (congruency rate). The overall data 
acquisition from March 2006 to December 2023 was 98%. 
After excluding the initiation phase of the first 6 months, 
the congruency rate increased to 99%.

Mean Constant Score (CS), Shoulder Pain and Dis-
ability Index (SPADI) and Subjective Shoulder Value 
(SSV) at baseline were 31.7, 36.6 and 40.5, respectively. 
Mean preoperative pain was 5.9 (± 2.6, scale (0 = no pain, 
10 = maximum pain)) and mean QuickDASH score was 
52.4 (± 18.4). The most common indication was cuff 
tear arthropathy (46%), followed by primary osteoar-
thritis (26%); see Table  1. Reverse shoulder arthroplasty 
(RSA) became increasingly common, rising from 71% 
in 2006–2019 to 85% in 2019–2023 (Fig.  1). Within the 
patient population treated with a RSA, three distinct sub-
groups regarding implant design can be identified. First, 
the classic Grammont design with a medialized and dis-
talized center of rotation (Fig.  2A), second, the Lateral-
ized design, with a lateralized center of rotation (Fig. 2B). 
The last subgroup of RSA implant design has been devel-
oped more recently, using a lateralized-distalized center 
of rotation (Fig. 2C and D). Between 2006 and 2023, 48% 
of all RSAs implanted had the Grammont design, 41% of 
shoulders had the lateralized design and 11% had the lat-
eralized-distalized design. The distribution among these 
subgroups underwent significant shift between 2019 
and 2023 with lateralized-distalized becoming the most 
prominent design.

This consistently high data acquisition can be attrib-
uted to three factors: (i) the implementation of a tech-
nological solution using FileMaker Pro Advanced (V.18, 
Claris International, California, USA), which flags each 
prosthesis implantation for the cohort staff when the 
operation is scheduled in the electronic clinical record; 
(ii) sufficient funding for study assistance and data man-
agement, allowing close monitoring of the operation 
plan; (iii) the high motivation and commitment of the 
surgeons to quality control and scientific activities.

Patient reported outcomes (PROMs)
Objective shoulder function
At each clinical examination the following active and pas-
sive range of motion (ROM) parameters are evaluated; 
flexion, abduction, internal and external rotation at 90° 
and external rotation at 0°. In addition, several functional 
clinical tests are performed, such as functional external 
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rotation tests as parts of the CS, drop-arm sign, lag sign, 
Hornblower sign, lift-off test and the Belly-Press test are 
performed. Abduction strength of both arms is mea-
sured using a spring balance (Pesola AG, Schindellegi, 
Switzerland).

Self-report shoulder assessments
The SPADI was developed to measure the pain and dis-
ability associated with shoulder pathology. The SPADI is 
a self-administered index consisting of 13 items divided 

into two subscales: pain and disability. Thirty-seven male 
patients with shoulder pain were used in a study to exam-
ine the measurement characteristics of the SPADI [2].

The CS [3, 4] is one of the most commonly used assess-
ment tools for various shoulder pathologies. Although it 
is not a gold standard, it has good psychometric proper-
ties and has excellent ability to detect clinically significant 
changes. It assesses four parameters: pain, activities of 
daily living, strength, and mobility. It is considered user-
friendly, although the measurement of strength requires 

Table 1 Descriptive characteristics
Variable Parameter N (%) Mean (SD)
Age 3576 71.3 (10.1)
Age category

<=40 30 (1)
> 40–50 112 (3)
> 50–60 325 (9)
> 60–70 909 (25)
> 70–80 1556 (44)
> 80–90 626(18)
> 90 18 (1)

Sex
Female 2309(65)
Male 1267(35)

BMI 1989 26.9 (5.1)
ASA

ASA 1: Healthy Patient 156 (4)
ASA 2: Mild Systemic Disease 1770(50)
ASA 3: Severe Systemic Disease 1602 (45)
ASA 4: Severe Systemic Disease that is constant threat to life 364(1)

Admission type
Illness 2510(75)
Accident 839 (25)

Primary Indication
Cuff Tear Arthropathy 1530(46)
Rheumatoid Arthritis 93 (3)
Prosthesis Revision 411 (12)
Acute Fracture 62(2)
Posttraumatic 387 (8)
Primary Osteoarthritis 878 (26)
Humeral Head Necrosis 67 (2)
Other 10 (0)

Preoperative Pain (0–10) 3293 5.9 (2.6)
Constant Score (0-100) 3064 31.7 (15.2)
SPADI (0-100) 3204 36.6 (20.3)
QuickDASH (0-100) 3189 52.4 (18.4)
Subjective Shoulder Value 1773 40.5 (20.8)
Abduction (0-120°) 3453 69.9 (32.7)
Flexion (0-120°) 3454 81.2 (37.2)
Abduction strength (Affected arm; kg) 3418 0.8 (1.9)
Abduction strength (Unaffected arm; kg) 3135 4.9 (3.5)
EQ-VAS (0-100) 1835 67.5 (18.3)
Note. BMI, body mass index; EQ-VAS, EuroQol Visual Analogue Scale; QuickDASH, Quick Disabilities of Arm, Shoulder, and Hand; SPADI, Shoulder Pain and Disability 
Index
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some extra effort. A higher score corresponds to bet-
ter shoulder function. The CS is a relatively unique tool 
because it combines patient-reported outcomes (pain 
and activities of daily living: 35 points), performance 
measurement, and clinician-reported outcomes (strength 
and mobility: 65 points).

The SSV [5] is an easily administered, reliable, respon-
sive, and valid measure of shoulder function in athletes 
that is highly correlated with other PROMs. numeric 
rating scale 0-100) is a self-report administered, reli-
able, responsive, and valid measure of shoulder function 
in patients undergoing SA that is highly correlated with 
other PROMs. All self-report data will be assessed using 
REDCap, which is a free, secure, web-based application 
designed to support data capture for research studies [7].

Quality of life
The EQ-5D is a measure of self-reported health outcomes 
that is applicable to a wide range of health conditions and 
treatments. It consists of two parts: a descriptive system 
(Part I) and a visual analogue scale (VAS) (Part II). Part I 
of the scale consists of 5 single-item dimensions includ-
ing: mobility, self-care, usual activities, pain/discomfort, 
and anxiety/depression. Each dimension has a 3-point 
response scale designed to indicate the level of the prob-
lem. Part II uses a vertical graduated VAS (thermometer) 
to measure health status, ranging from worst imaginable 
health state to best imaginable health state. The extended 
version of the EQ-5D includes a valuation task which is 
used only for valuation studies. There is also an optional 
set of demographic questions [8].

Patient satisfaction
Patients are asked postoperatively whether they would 
agree to undergo the same operation again and to what 

Fig. 2 A Distalized medialized design; B Lateralized design; C and D Distalized-Lateralized design

 

Fig. 1 Annual number of RSA (%)
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extent their situation changed as compared to pre-oper-
ation in terms of shoulder function and quality-of-life 
(5-levels ranging from ‘much better’ to ‘much worse’).

Expectations
Patients are asked postoperatively to what extent their 
overall expectations of the operation were met (0 = not at 
all; 10 = fully).

Radiographic outcomes
Pathological radiological outcomes are assessed based on 
the internationally recognized radiological protocols spe-
cifically developed for monitoring SA.

Our group has developed a radiographic monitoring 
tool based on international consensus for the SA Moni-
toring including Core Set of Radiographic Parameters [9]. 
Starting from January 2020, ultrasound is performed for 
both anatomic and reverse implants.

Adverse event documentation
Adverse Events (AEs) and complications in SA are evalu-
ated based on the internationally published core set of 
AEs. The assessment includes considerations such as 
the timing of occurrence (intraoperative or postopera-
tive), the location (local or systemic), whether the event 
qualifies as a Serious Adverse Event, the affected tissues 
or physiological systems, potential association with the 
implant. Detailed documentation of revision surgeries 
covers specific reasons for revision, such as infection, 
glenoid periprosthetic fracture, humeral periprosthetic 
fracture, dislocation or instability, glenoid component 
loosening, humeral component loosening, rotator-cuff 
problems, prosthesis failure, as well as other factors. 
Death incidents are obtained passively from relatives 
and the family physician. Additionally, during scheduled 
follow-up time points, attempts are made to contact the 

patient multiple times over the phone. If information is 
not available, insurance companies may be contacted to 
obtain this information.

Assessments timeline
Clinical and functional assessments, AE assessments, and 
radiological evaluations are conducted pre-operatively 
and subsequently at 6 months, 1 year (optional), 2 years, 
5 years, 10 years, and 15 years (see Fig. 3). Following the 
5-year mark, follow-up visits are scheduled at 5-year 
intervals until either prosthesis revision or patient with-
drawal from the registry due to various reasons, such as 
declining overall health or decease. Before each clinical 
visit, patients are provided with questionnaires assess-
ing patient-reported outcomes. Electronic questionnaires 
distributed via REDCap are used or paper copies depend-
ing on patients’ preference.

Data integrity and monitoring
All data were captured using REDCap, which is a free, 
secure, web-based application designed to support data 
capture for research studies hosted under Schulthess 
clinic.

Data collection was conducted through an adjunct 
REDCap to FileMaker Pro method utilizing the SQL 
Server. (see Fig.  4 for an overview of the registry work-
flow) FileMaker Pro is a powerful software platform that 
enables users to create custom applications for managing 
data. It allows us to design, develop, and deploy database 
solutions tailored to our registry’s specific needs. Partici-
pants’ information and study-related data were securely 
recorded and organized within REDCap’s structured 
framework. Leveraging SQL Server and FileMaker Pro 
ensures robust data storage, retrieval, and management 
[3]. Overall, data completeness at 6 months was 90%, 2 

Fig. 3 Data acquisition and completeness
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years 86%, 5 years, 82% and 10 years 69% and 15 years 
57% (Fig. 5).

Main findings
Since the first description of this cohort in 2020, a sig-
nificant number of findings have been published. A study 
conducted by Grob and colleagues demonstrated that 
radiographic parameters displaying medialization and 
cranialization after anatomic total shoulder arthroplasty 
(aTSA). Anatomic total shoulder arthroplasty with a 
cemented pegged glenoid seems to be a useful predictor 
of impaired shoulder function in case of glenoid loosen-
ing [10].

Early loosening of the glenoid component was identi-
fied in aTSA, specifically when employing a stemless 
humeral component paired with a pegged polyethylene 
glenoid component. As a result, we discontinued the 
usage of this specific device and promptly notified Swiss-
medic, Switzerland’s national regulatory body for medi-
cal products, and the respective company in order to take 
all necessary actions [11].

Similarly, a retrospective study was conducted involv-
ing 65 patients with primary aTSA for glenohumeral 
osteoarthritis [12]. The study aimed to compare two con-
vertible metal-back glenoid systems, both stemmed and 
stemless designs, to assess their respective performance 
regarding complications and the necessity for subsequent 
revision surgeries. Results demonstrated that after 5 
years, both stemmed and stemless aTSA with metal-back 

glenoid components demonstrated similar clinical out-
comes. Revisions rates were also found to be comparable 
between the two designs.

Other interesting work published by Endell and col-
leagues demonstrated that five years post-RSA, patients 
who resumed predominantly upper extremity sports 
exhibited comparable shoulder functional outcomes to 
individuals who did not engage in any sports and those 
participating in lower extremity sports [13].

Similarly, several articles have been published that 
show the influence of lateralization on clinical outcomes 
and AEs. In a recent study, where Freislederer and col-
leagues investigated patients with cuff tear arthropathy, 
results demonstrated a better preservation of external 
rotation and a reduced rate of scapular notching for a 
lateralized RSA (lateralized glenosphere and 135° neck-
shaft angle (NSA) in contrast to the classic Grammont 
design without glenoidal lateralization and with a 155° 
NSA [14]. In another study Friesenbichler and colleagues 
demonstrated that achieving good to excellent shoul-
der abduction required enhancing the glenohumeral 
contribution, which correlated with the postoperative 
strength of abduction [15]. In a recent investigation, we 
examined three designs of RSA: the Grammont design, 
the lateralized and lateralized and distalized design, spe-
cifically in patients with Cuff Tear Arthropathy (CTA). 
We controlled for anatomical and pathomorphologic 
confounding factors such as scapular anatomy, implant 
position, center of rotation, humeral offset, implant 

Fig. 4 Overview of registry workflow
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characteristics, rotator cuff status and tear pattern among 
others. The groups were defined as follows: group 1 
(inlay, 155° humeral inclination, 36 + 2  mm eccentric 
glenosphere (n = 50)), group 2 (inlay, 135° humeral incli-
nation, 36 + 4  mm lateralized glenosphere (n = 141)) and 
group 3 (onlay, 145° humeral inclination, + 3 mm lateral-
ized base plate, 36 + 2 mm eccentric glenosphere (n = 35)). 
Our results revealed comparable functional outcome 
scores using the Constant Score. However, patients with 
a lateralized and distalized RSA configuration dem-
onstrated improved flexion and abduction capabili-
ties, along with fewer occurrences of scapular notching. 
Moreover, enhanced rotation was noted in patients 

with either of the lateralized RSA setups compared to 
the traditional Grammont design [16]. In a compara-
tive study [17], outcomes were assessed in RSA patients 
with advanced CTA, stratified into “lateralized” (LAT) 
and “non-lateralized” (NONLAT) groups based on dif-
fering prosthetic designs: the LAT group, characterized 
by a 135° humeral inclination and a 36 ± 4 mm lateralized 
glenosphere, and the NONLAT group, characterized by 
a 155° humeral inclination and a 36 ± 2 mm eccentric gle-
nosphere. LAT patients demonstrated improved external 
rotation and greater capability to reach lumbar vertebra 
3 (L3). Conversely, NONLAT patients exhibited higher 
rates of inferior glenosphere overhang, center of rota-
tion medialization, and scapular notching. Notably, LAT 
patients had higher humeral offset and lateralization 
shoulder angle. Overall, the lateralized prosthesis yielded 
superior rotation and less scapular notching compared to 
the non-lateralized design in CTA patients. RSA safety 
related data from our registry demonstrated that despite 
some of our patients being over 85 years old with mul-
tiple comorbidities, our elderly patients demonstrated 
significant clinical improvement in daily activities, with 
high satisfaction rates. Radiographic examination at 24 
months post-surgery confirmed sufficient implant sta-
bility [18]. Assessing revisions rates, prior findings from 
our registry is that the incidence of revisions following 
primary RSA in our patient registry is minimal. However, 
a considerable number of supplementary interventions 
were observed, which, although not involving component 
revision, could potentially affect the ultimate outcome 
post-RSA [19]. In a recent retrospective investigation 
(N = 641) we aimed to analyze the effect of scapulotho-
racic orientation and posture types on clinical outcome 
after RSA using 2 years follow data [20]. Patients were 
classified into posture types A, B, and C using a recog-
nized method that assesses scapular internal rotation on 
preoperative cross-sectional imaging. Results demon-
strated that type C posture influences the 2-year clini-
cal outcome of RSA patients in terms of worse flexion, 
abduction, SPADI and pain.

Patient reported outcomes over time
For both reverse and anatomic implants, the peak recov-
ery, as measured by CS, SSV, SPADI and QuickDASH 
was observed within the first 12 months post-operation. 
This pattern remained consistent over the initial 15 years, 
with no significant changes observed (Figs.  6, 7, 8 and 
9). We calculated the percentages of patients failing to 
achieve minimal clinically important differences (MCID) 
at each time point. For the CS, this proportion declined 
from 11.7% at 6 months to 8.8% at 24 months post-oper-
ation, with an MCID of 9.4 points. However, at later time 
points, the percentage increased to 13%.

Fig. 5 Patient Registry Flow Chart
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A similar trend was noted with the SPADI, where 26.6% 
of patients did not achieve an improvement beyond the 
MCID of 20.6 points at 6 months, compared to 20% at 
24 months post-surgery. By the long-term follow-up, this 
percentage rose to 25.4%.

The QuickDASH, which has an MCID of 8 points, 
exhibited a comparable trend. The proportion of patients 
not reaching the MCID decreased from 25.2% at 6 
months to 22% at 24 months, before increasing again to 
29.6% at the 15-year follow-up.

Fig. 7 Longitudinal SSV

 

Fig. 6 Longitudinal CS
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In contrast, the SSV presented a different pattern. 
Although the percentage of treatments failing to achieve 
the MCID of 26.6 points declined from 33.3% at 6 months 
to 26.7% at 24 months, there was no subsequent increase 
throughout the long-term recovery period. However, it is 

important to note that the MCID for the SSV was derived 
from a cohort of patients with proximal humerus frac-
tures and may not be directly applicable to those under-
going SA [21].

Fig. 9 Longitudinal QuickDASH

 

Fig. 8 Longitudinal SPADI
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Adverse events and revisions rates
Our registry data played a crucial role in monitoring 
AEs and assessing implant survival rates. By system-
atically collecting and analyzing information on patient 
outcomes, complications, and device performance over 
time, our registry provided valuable insights into the 
safety and effectiveness of implants. The documentation 
of AEs in our registry included the nature of the event, 
its severity, timing, possible contributing factors, and 
patient response. Accurate and thorough documenta-
tion enables healthcare teams to analyze trends, identify 
potential patterns or systemic issues, and implement pre-
ventive measures to mitigate future occurrences. Aver-
age annual implant surgeries are approximately 200 cases 
and frequency of implant type can be seen in Fig. 10 with 
Perform Humeral Reverse (Stryker Inc, Kalamazoo, MI, 
USA) being the most prominent currently. The overall 
pooled revision rate was 0.02 per implant, corresponding 
to 11% revisions 10 years post implantation and 5% revi-
sions 5 years post-implantation in agreement with data 
from other registries. Overall, our dropout rate was 0.06 
per implant per year corresponding to a dropout percent-
age of 40% at 10 years and 20% at 5 years.

Discussion
The aim of this article was to describe our registry 
data. For internal quality control purposes, the pri-
mary emphasis is placed on identifying and addressing 
implants exhibiting unexpectedly high early failure rates. 
This allows us to prioritize the selection of the most suit-
able implants for our patient population.

Our patient registry serves as a valuable tool for both 
patients and clinicians alike. By systematically collecting 
and organizing patient data, registries facilitate compre-
hensive clinical and radiological outcomes, and AEs. For 
patients, our SAR offers the opportunity to contribute to 
medical research and improve healthcare outcomes by 

providing access to cutting-edge treatments and clini-
cal trials. Moreover, our registry contributes to patient 
care by facilitating clinicians in monitoring disease pro-
gression, tracking the evolution of implant designs, tai-
loring treatment plans, and identifying potential risk 
factors. For our surgeons, this registry provides valuable 
insights into treatment effectiveness, safety profiles, and 
long-term outcomes, thereby supporting evidence-based 
decision-making and quality improvement initiatives and 
identify alarmingly high rates of implant failures. Overall, 
our patient registry plays a crucial role in advancing med-
ical knowledge, improving patient care, and fostering col-
laboration between patients, clinicians, and researchers.

Future directions and the use of artificial intelligence and 
machine learning
The integration of artificial intelligence (AI) and machine 
learning (ML) in the analysis of SA registry data repre-
sents a pioneering approach with profound implications 
for the field of orthopedics. Leveraging the wealth of 
information within the registry, AI and ML technolo-
gies have the potential to revolutionize our understand-
ing of surgical outcomes. These advanced analytics can 
facilitate predictive modeling, enabling the identification 
of intricate patterns and associations within vast datas-
ets. For instance, in preoperative planning, ML modeling 
can analyze imaging data to precisely segment and iden-
tify relevant anatomical structures. Recently developed 
computerized planning programs utilizing computerized 
tomography with 3D modeling aim to enhance the accu-
racy of parameter assessment and offer automated val-
ues for glenoid measurement indices. This technological 
advancement aids surgeons in virtually trialing implants 
preoperatively and optimizing their size and fit. At Schul-
thess clinic we have been utilizing these technologies, 
namely Blueprint (Stryker Inc, Kalamazoo, MI, USA) 
and Virtual Implant Positioning (Arthrex Inc, Naples, FL, 

Fig. 10 Annual Number of surgeries by implant type
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USA) [22, 23] successfully for the past couple of years. 
This has allowed us to choose the appropriate sizes of 
different components of TSA which can help minimize 
the risk of intraoperative fractures, postoperative insta-
bility, overstuffing of the joint, and impingement on the 
rotator cuff. While occasional discrepancies may arise 
between surgical decisions made during planning and the 
implants actually utilized, their significance remains piv-
otal [24].

Following surgery, ML holds considerable potential in 
forecasting longitudinal outcomes, encompassing func-
tional abilities, pain management, and patient satisfac-
tion. This prognostication is rooted in the comprehensive 
longitudinal data gathered within our registries, taking 
into account patient demographics and surgical specifics. 
The incorporation of ML into SA is currently in progress. 
For instance, Ramkumar and colleagues [25] investigated 
an iPhone application utilizing a ML software develop-
ment kit for assessing a patient’s shoulder ROM in four 
arcs. This application demonstrated clinical efficacy in 
accurately capturing and analyzing the intricate spatial 
movements of the shoulder joint, as evidenced by com-
parable ROM angle measurements between the software 
development kit and manual goniometer [25]. Likewise, 
Predict+ (Exactech, Gainesville, FL, USA), a newly intro-
duced clinical decision support tool, employs AI algo-
rithms to anticipate individualized patient outcomes post 
SA [26].

In the context of our SA registry, AI and ML applica-
tions may enhance the accuracy of prognostic assess-
ments, enable personalized treatment planning, and 
contribute to more precise risk classification. Addition-
ally, these technologies offer the prospect of real-time 
clinical decision support, assisting healthcare profes-
sionals in optimizing patient care strategies based on the 
latest data trends. The utilization of AI and ML in con-
junction with SA registry data heralds a new era in evi-
dence-based orthopedic research, fostering innovation 
and ultimately enhancing the quality of patient outcomes.

Registry future trajectories
With the first patients approaching the 20-year follow-up 
landmark within the next two years, the SAR is poised to 
continue providing crucial data on long-term functional 
and pain outcomes, implant survivorship, revision rates, 
patient satisfaction, pain, and quality of life. In addition 
to research and quality control, the integration of pre-
operative 3D planning, AI and ML methodologies into 
future directions holds significant promise. The appli-
cation of AI and ML on registry data can enhance pre-
dictive modeling, personalized treatment planning, and 
real-time clinical decision support, marking a transfor-
mative advancement in the utilization of cutting-edge 
technologies to optimize patient care.
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